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URAVNENIYA DLYA VERSHINNYKH CHASTEY I SVYAZANNYYE SOSTOYANIYA
“09 Boglish Title

EQUATIONS FOR VERTEX PARTS AND BOUND STATES
43 Souzce LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)

43 Author 98 Document Location
BRAUN, M, A,
“Y6 Co-Ruthor 47 Subject Codes )
NONE
16 Co-Author 39 Topic Tags! nucleon, nucleon interaction,
_NONE deuteron, deuteron interaction, particde
16 Co-Author physics
NONE
16 Co-Author
i Nggg

ABSTRACT The system of dispersion theoretic equations for the vertex parts =
NN and NND with a nucleon off the mass shell is studied in the low energy
region in the spinless particle model, The anomalous threshold 1s calculated
by analytic continuation in the mass variable. Under the assumption that

the deuteron is a bound state of the nucleons, an equation is obtained for
the determination of its mass. English Translation: 13 pages.
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Toansliterated Title
: ASSOTSIIROVANIYE NUKLONOV V YADRAKH

oF Tegiien Tiile ASSOCIATING OF NUCLEONS IN NUCLET

E § ——

LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)

‘1'?]:“3: 98 Docwment Loocation
) BUNAKOV, V. YE.
oK 47 Subject Codes 20, 18
NONE
m 39 Topic Ta08: qyantum number, wave function,
~ NOXE nuclear binding energy, light nucleus,
16 S duther nuclear spin
NONE

% Co-Auther
RONE
. ]
The comnection between the probable existence of .uclear clustering

and quantum numbers, characterized irreducible group representations of
commutation and orthogonal groups (forming shell-model wave functions of a
mucleus) has been investigated, The relation between the S-state of the
two.nucleon relative motion and the seniority quantun umber v of its shell-
model wave function has been studied, For v = O the state of the two-nucleon
can be represented by the 3-state, Using the sen®nritiy operator definition

Q'=“vurﬂl L .
LML=

A similar arclysis {8 mude ‘or the case of n nmucleons, It is shown that
Classificatior by the (usirtum number {f) and o can appear at the same time
48 an S-atate rucleon .night classification ir relative motion. An experi-
mental regulsarily ‘: {ound to be present in the values of binding energies
of 1light nucle!, which sssumes the existence of two., three-, and four-
micleon clusters. The method under consideration makes it possible to treat
double, trivle, and quadruple nucleon correlations on the basis of the same
effective two-body interactions of nucleona. A physical interpretation is
g;:un for the experimental facts concerning energy advantage of states with

lowest seniority and isotopic spin. "™The author 1s grateful to A, I.
Baz?, Doct~r of physical and mathematical sciences, and to Professors 3. F.
Drukarev, V. G, Ippolitov, and V, PFeyfrlik and to G, A. Chilashvili, Candidate
of sical and mathematical s:iences, for their valuable help." Orig. art,
hass formulas, 1 figure, and 1 table, English Translation: 15 pages.
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OKOLOPOROGOVOYE POVEDENIYE SECHENIYA NEUPRUGOGO RASSEYANIYA
99 English Title NEAR-THRESHOLD BEHAVIOR OF THE I 'LASTIC-SCATTERING CROSS

SECTION
43 Source
LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)

42 Author 98 Docunent Location

ZHIKHAREVA, T. V.
“1¢ Co-Author 47 Subject Codes 18 20

NONE
16 Co-Author 39 Toplc Taget , .1astic scattering,

NONE nuclear resonance, orbit momentum,
16 Co-Author nuclear cross section

NONE
16 Co-Author

NONE

ABSTRACT The partial cross-section transition from the 1-channel to the
i1-th channel for complete orbital momentum L is given by

* 4e W4

=3 v r il
where T - scattering matrix, A three-crannel case iz concidered, and the
resonance effect in the inelastic ~ross section S40 1s also considered.
The nature of the inelastlc cross section ¢,, anomaly near the threshold
K5 = 0 1s studied, and it s shown that the groster the probability of
inelastic orocesses o,, and 953 the greater w'!]l be the anomaly in the
thresnold Ky = 0 of fnelastic cross section Tyoe The behavior of p-wave
inclastic croess section 0y, near the threshold of seconu.ry inelastic
reaction Is investigated. Ab..ve the threahold thi: i{s givin by

o (2) 6y =
-t (M Db (M + N o

and below the threchald, by

T ogthy) e t0)~m

o 1 MM s 1 (o 4 ) My
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*Me author is grateful to G. F. Drukarev for evaluating the work," R
Orig. art. has: 18 equations and 1 figure. English Translation: '
5 pages. ;
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“Transliterated 11t

*® YADERNO-REZONANSNYY GENERATOR S TEKUSHCHEY ZHID*OST'YU

09 Bnglish Title . ' FAR-RESONANCE GENERATOR WI/H “LOWING LIQUID

43 source [pNINGRAD. UNIVERSITET. VESTNIK. "ERIYA FIZIKI I KHIAII (RUSSIAN)

42 Author | 98 Document Location
SKRIPOV, F. TI.
16 Co-Author 47 Subject Codes 20, 18
NONE
16 Co-Author 39 Topic Tagst nuclear resonance, magnetic
NONE field, polarization filter, magneti:ation
16 Con-Author
NONE
16 Co-Author
NONE

ABSTRACT A theury of the operation of the nuclear resonance generator in
the «arth's magnetic field 1z given, The Puckard-Varian theory (Bull. Amer,
Phys, Soe 2%, No. 7, 1953) is reviewed and found to be feficient for con-
tinu »is measurement of field:, A new moihoa developed by the author in
Py i discunaed wnich 1s based moa muclear resonance fenerator with
ontineus pelard ation of o flowin llawia {water In this case), The water
"Iowe through 2 wvnetizing (rolarization) ~»il f strength H which induces
b magnetication M oIn the flujda vrooortional to fleld strength

E o+ H*(il; - tvrrectrial £1eld, The il ¢ then flows through a tube into

coonnring (voberineg) coll which creates an siterr-ting field at resogance
freqencles, A moockeup test 15 described with 2 77w rate of 100 cm”’ per

3 ni o= BOY prauss. A cimilar instrument utilizines the Overhauser nuclear
roiari etion method, devised by A, Abrannm, J. Trobrisz.on and I. Solomon
(Comrl orend,, 2, 17, 19 T), te als Hoeuooed. Theorctio ol expressions
e cttaline e ke magnet nins ant - orerie s oolley A simplified form for
pusi oy myynetioation Inoa time {nterval oo ot - is given by

v

o GeN KL = "; .

who = time of Ulow throush a rolarice i call, At large freguency
HeToreecen the alternating phasin- i1 “lo1d H, oxert: only a high-ipeed

oM owich omall oepular ampiitads o, Bor Hl N tt is o smald

L
ket et be boecrved, Fhe characteristt o of the senerstor in the
narr oot SUlter posire oape siudied in detal and plven as two mathemat{eal
cxer s, The dicouraton is eatended r dn 7 ode ponhomagene ity effectn
21 i, oart, mac: B equations and 10 Timicen, Enygiish Transclattons 27 pages
fomm
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KATYKHIN, G. S. |
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i 16 Co-Author
NONE

» ABSTMLY The P8 >

] been studiad wit
. Dzhelepov and A, A. Bashilov. 1Izv, AN SSSR, ser, fiz.
_ : 0.5% resolving power and a magnetic spectrograph with 0,15% resolution.
Investigation was conducted on a single sourcgegpecimen, chemically separated

and n~utron

the B-spectrum, K and L conversion sg;gtra, y-radiation energy, multipole

crider transitions, and the Sb125 -Te
were obtained than hitherto possible for the energy of 145, 321.3 and 463.1

kKev levels,

N.'*.‘ 3

N
+

4] ==n

it, Stegalkina, L, kolmy*kova and Yu., Golubev for their assistance." Orig. art,
ras: 5 figures, 4 cables, and 1 formula. English Translation: 7 pages

gectrum and the spectrum of conversion electrons of Sb have
the help of a magnetic spectrometer tyﬁe "Ketron" (B. S.
14, 263, 1950) with

irradiated. Among the various Sb measurements conducted were:

decay process where more precise data

"Mie ~uthors are grateful to V. I. Perrimond, A. A. Zhdanov,
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09 Bnglish Title DEPENDENCE OF ANGLES OF ORIENTTION IN DYNAMIC DOUBLE
REFRACTION ON THE VELOCITY GR/UIENT

43 Source
LENINGRAD. UNIVERSITET. VESTNIK, SERIYA FIZIKI I KHIMII (RUSSIAN)
42 Author 98 Document Location )
BRUDTOV, V. P.
16 Co-AutRor 47 Subject Codes
N NONE
16 Co-Author 39 Topic Tags: flow angle, double refraction
NONZ molecule, macromolecule, polymerization
16 Co-Author flow velocity
NCNE
16 Co-Author
NONE

ABSTRACT The orientation angle of polymethylmetacryl (PMMA) solutions in
tetrabromethane for six fractionated and unfractionated specimens has been
studied in a velocity gradient range (shear rate) 4 to 2000 sec~l, The
velocity of the solvent N, varied from 6 to 15.€ cp. In the region of small

velority gradients it is shown that tan 23/g is a function of g2, where
$ = /b - x (x - angle between macromolecule orientation direction and flow
velocity) and g - shear rate. A general parameter gt (t - initial slope of
extinction angle) is found to correlats the experimental data successfully.
For gt << 1 this relationship is given by J‘:t,fl.‘ﬂxﬁll.”

& .

It is seen that tan 2p is proportional to gt for gr << 1, and for gt > 15
the coefficient of proportionality changes from i to 0.2. For T > 5 x 107

poise, A = 0.23 ¢ 0,07 for all 6 fractions studied. The influence of the
hydrodynamic anisotropy interaction is taken into account, leading t-»

2

',385;?. =-’-1-’"’Ll - %W%-. . ] with the corroopunding viscosity

. 7 o
imlgr= [v.l,,o(l— S+ ) . Taa sagnitude of double refraction thux becour:a

Y gy Lotfy-t SAY agirats
(—;—)‘_'_.L?n [H--.;-ﬁ' (l TC)"'“*]-' whore p'gp(|+.2- ond k is & coastra :
A good agreement is observed between the theory (teking into account the

hydrodynamic anisotropy) and the cxperimental data, Orig. art. nas: 15
formulas and 7 figures. English Tignslation: 9 pages.
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IZOTOPICHESKOGO URAVNOVESHIVANIYA
1 Title DETERMINATION OF HYDROGEN IN ALUMINUM ALLOYS BY THE METHOD OF

!
_ LERINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)
ml—tﬁl 98 Docussnt Location
- ORIOVA, N. M.
o = 3 — v X
: PETROV, A. A. Subject Codes 07
16 Co-Authox 39 Toplc Tage: alloy, hydrogen, aluminum,
NONE chemical equilibrium, exchange reaction,
16 Co-Aunthor sorption, desorption
NONE
1¢ So-Aut
t *fone

m A spectral isotopic method for the determination of hydrogen in

aluminum and 1n some of its alloys has been developed. Both cast aluminum
alloys snd pressure-worked specimens were studied. The isotopic equilibrium
wag carried out on cylindrical specimens 5-6 mm in diameter, weighing 10-20
arams at 500 C temperatures (much lower than melting point of aluminium),
with experimental errors in hydrogen volume determination of the order of
0.05 + 0,01 em”, The isotopic equilbrium duration in Mg, Mn, and Cu alloys
wak 25-30 min. The type of treatment previously used on the specimen showed
no observable effect on the isotopic exchange. The resigual hydrogen content
measured for the various aluminium alloys was 0,1-0.2 ¢m”/100 gm. This
method enables one to determine separately the gas content in the surface
layer as well as in the bulk of the aluminum speciuen, Because of hygro-
scopic films ohserved on the aluminum and the absorption of water vapor,
some of the aspects of the sorption and desorption of hydrogen in the sur-
face oxide layzr were also studied. "The authors wish to thank Professor

A. N. Zaydel' for the advice given." Orig. Art. has: % tables and 1 figure.
English Translatvion: 6 pages.
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43 Source
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42 Author 98 Document Location
SUSLOV, A. K.
16 Co-Author 47 Subject Codes 20 )
NONE .
16 Co-Author 39 Topic Tags: telluric current, absorption v
NONE line, atmosphere, kine<ic theory,
16 Co-Author Doppler effect |
NONE 1
16 Co-Author .
NONE .

ABSTEA&T'”Assﬁhinéméhaf thevﬁfsédéﬁiﬁg“of the Oé telluric lines is due to
collision attemuation, the line contour can be“described by the expression

. . RN
izzp =— - -

v N . h
tvemdt s g T

3
for lines whose intensity at the line center is zero. Several lines in the i;
spectrum of the center of the solar disk, which satisry this condition, were }
scanned photometrically to determine the mean free flight time To. Investia '

o)
gation of the P,g line in the A band (wavelength 7659.37 A) gave T, = 8.4 x

X 10'1258c,f Measurements at 3060 m above sea level of the P8 line (wavelength

7632.17 A% resulted in the value To = 8.21 x 10712 gec. A theoretical cal-

culation based on the kinetic theoYy of gases leads to a mean collision

frequency of 2 X 109 sec'1 for 02. The discrepancy is due somewhat to

Doppler broadening but primarily to the nonuniform distribution of oxygen
in the atmosphere and to the differences of pressure and temperature in the
various layers of the atmosphere. It is concluded that from the observed
values of To a more nrecise model of the standard atmosphere can be made,

Oorig. art. has: 8 equations and 2 figures. English Translation. 4 pages.
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LENINGRAD. UNIVERSITET. VESTNIK. SERIYA PIZIKI I KHIMII (RUSSIAN)

giving of

Q3%

|

TK.‘W 98 Document Looation
- SHVED, G. M.
Y %Xuthor 47 Subject Codes 20, ¢}
NORE
“T6 So-Author 30 Toplc Tagss line spectsum, Upper
NONE atmospheric radiation, stratosphere,
16 Co-Author absorption spectrum, optical path
- NONE
18 Co-Author
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m The use of the approximation of an insulated line for simulation of

infrared spectra of absorptgon in the mesosphere and upper stratosphere 1is
possible, thanks to the decrease in the width of the line with the drop in
pressure. The author discusses the limits of validity of this approximation
for computing flows and influxes of radiant energy. The fi:3t requires the

Aa(2,3" I%hpi3,3!
—gm’mmm,ot —-.—M

YT where Ap(2,8') 43 the absorption

function for radiation flow between levels of the atmosphere z and z'. Orig.
art. hast 2 figures and 2 formulas. English Translation: 3 pages.
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42 Author 98 Document Location
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ABSTRACT In this paver is given a critical survey on the polymerization of
anion-complexes in aqueous solutions. The author draws his attention to the
systems of polyborates, wolframates, vanadates, molybdates and chromates.

A new theoretical method using computer technique has been proposed. This
method has given good results based on experimental measurements. The

csiuestion on the structure of polymers is studied as well. English Translation: -
pages., . b
£
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K VOPROSU O FAZOVYKH PEREKHODAKH V TVERDYKH TELAKH

°’ ”uﬂi Title QUESTION ABOUT PHASE TRANSITIONS IN SOLID BODIES

of wc16 and TaCls has been measured,

t SUVOROV, A. V,

‘i 16 Co-Author
-

f

|

!

4

1

|

| English Translation: 5 pages.

i

o LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)

& Author 98 Document Location

DOBROTIN, R. B,
“T& ToXutbor 47 Subject Codes 07, 20

30 Toplc Tagst
phase transition, heat

KONDRAT'YEV, YU. V. absorption, heat transfer, caiorimetry,
1 Sokntior heat of fusion, thermal effect

NONE
16 Co-Awthor

NONE

m The heat absorption in the temperature region of phase transformation

Some considerations concerning the in-

fluence of the character of heat transfer in the calorimetric cell on the
temperature interval of specific heat anomaly have been expressed.
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09 Bnglish Title ELECTROKINETIC PROPERTIES OF DEPOSITS OF COPPER FERROCYANIDE
ITIONS

QRTAINED IN _DIFFERENT COND .
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42 Author 98 Docum:..t Location
KARPOVA, I. F.

16 Co-Author 47 Subject Codes 20, 07
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“T6 Co-Author 39 Topic Tags: copper, chloride, potassium
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16 Co-Author
NONE -%
16 Co-Authox
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ABSTRACT The charge of precipitates measured in KCl and HCl sclutions depends
on the anionic nature of copper salt employed for precipitation. The pre-
cipitates formed under the conditions of the excess of copper ions are posi-
tively charged in the cases of copper su¢phate and copper chloride. In

other investigated cases the charg= 1s negative. In CuCle sclutions all

precipitates acquire positive charge. Surface conductance has a minimum
and in some cases reaches zero at the iscelectric point. English Translation:

T pages.
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TOMILOV, S, B.
16 Co-Aethor 39 Toplo Tages ion exchange chromatography,
o YUTLANDOV, I. A. germanium, isotope
v 16 Co-Asthor
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+ o 16 Co-Author
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" ARSTRACY A germanium target was irradiated with 660 Mev protons. The spallation

products were separated by ion-exchange chromatographic methods, Identification
i of isotopes and check of radiochemical purity of separated froctions was carried
1 out by means of s gun-spas rometer, A 145 kev y-line found ocut in the zinc

: fraction was ascribed to Zn English Translation: 7 pages.
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09 English Title THERMODYNAMIC INVESTIGATION OF SOLID S A NeCl —
KOl Cacis SYATEM AT TENOERATURES OF SkU, 980, ©Z8°C,

43 Source
LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMIIX (R'Ussm)

43 Author 98 Docusent Location
SHUL'TS, M. M.
“Y& &-Kuthor 47 Subject Codes 7 o0
RUSHUEVA, I. M.
16 Co-Author 39 Topic Taget thermodynamic characteristic,
NONE thermodynamic equilibrium, soclid solutionm,
16 Go-Authos sodium chloride, potassium chloride,
cadnium compound
NONE
16 Co-Author
NONE

ABSIRACT The activities of 8he components cf the solid solutions NaCl -
KC1 —~ cdCl at 540, 580, 623° C have been determined by the method of the
third component. Ad, AH, AS of the formation of these solid solutions
have been calculated. BEnglish Translation: 12 pages.
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® AMPEROMETRICHESKOYE TITROVANIYE TRILONOM B NEKOTORYKH
KATIONOV S VRASHCHAYUSHCHIMSYA MIKROPLATINOVYM ELEKTRODOM

,‘ 09 Bnglish TItie AMPEROMETRIC TTTRATING CERTAIN CATIONS BY TRILON B WITH

“oF REXOLYING KICROPLATINUM, .
LENINGRAD. UNIVERSITET. VESTNIK. SERIYA PIZIKI I KHIMII (RUSSIAN)
‘G Tethor 96 Document Location
REYSHAKHRIT, L. S.
‘Tt 47 Subject Codes 07, 20
PUSTOSHKINA, M. P.
16 Co-Author 39 Topic Taget oxidation, anodic oxidation,
TIKHOBOVA, 2. I, amperometric titration, polarographic
16 Co-Author analysis, electrode potential
‘ RONE
18 Co~Authox

ARSTRACT Ar. investigaticn of the oxidation process of trylone B has been
carried out on rotating platinum anodes in solutions of 0.1 n ll!l,‘uo3 + NH,OH

(M = €.2 - 20,0) and 1 n Xm0, (PH = 5.7) at 20° C. The oxidation rate is

determined by diffusion at potentials more gos:t‘.ve, than 40.7 v and +0.85 v
respectively. Demonstrated is the possibility of smperometric titration
with a »icrop’atinum rotaiing electrode of .'ir(ll()})2 solutions against

Cel n !'H.‘NOBH'HI‘OH and those of CuSO,, NiSO,, H,‘. {p (Ho207)6] - against
C.

2 n KNO, with thé - otents of Sr, Cu, N1 and Mo from ).25 to 7C mg using
tryl n- B} Engi.sn Translat.on: 5 pages.
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42 Author 98 Document Location
TIKHOMIROV, V. I.
T8 To-Kuthor 47 Subject Codes 07, 20
KORYTKOVA, E. I.
“16 Co-Author 39 Topic Tage! oxidation rate, high temp-
NONE erature oxidation, copper, snodic
16 Co-Author oxidation
NONE
16 Co-Author

M
ABSTRACT The methods of investigation of the oxidation rate of metals and

alloys during heatings of short duration (about some secondaz up to the

high temperature have been developed. It has been shown that copper oxi-
dation during heatings of short duration (10-20 secondg up to 1020-1070° ¢
.'nllc;ws the parabolic law, When the tempersture decreases a3 low as 900.

1000” ¢, the linear law begins to predominste. English Translation: 8 pages.
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09 Bnglish Title o ppamROPHOTOMETRIC INVESTIGATION OF ASCORBINATE COMPLEXES

| G0 L INGRAD. UNIVERSITET. VESTNIK. SERTYA FIZIKI I KHIMIT (RUSSIAN)
: 42 Author 98 Document Location
‘ STOLYAROV, K. P.
1§ &-Ruthor 47 3ubject Codes 07, 20
AMANTOVA, I. A,
16 Co-Author 39 Topic Tagst gpectrophotometric analysis,
NONE absorption spectrum, absorption band,
16 Co-Auzthor ascorbic acid, optic density, barium,
NONE zince
16 Co-~Authox
M

ABSIRACT The formation of accorbic complexes of the elements of the second
and third groups of the periodic system (excluding strontium and mercury)
causes varilations in the absorption spectra of simple salt solutions: the
maxima of light absorption incresse and sometimes shift into long wave region
(Pr, Nd, Ho, Er.); there increases absorption in the 320-340 mik region assoce-
lated with the displacement of the absorption band of ascorbic acid int» long
vave region (Zn, Cd nnd elements of the third group, excluding B); obtained
for some elcments are negative values of optical density in the A = 320-370
m:k region, i,e, light absorption decreases (Be, Zn, 2d, B, Al, Sc, Y, La,
io, Dy, Ho, Er, Ln); there appear new maxima (Mg 320-340 mpk; Ca and Ba

345 muk; Zn and Cd 390 muk). English Translation: 11 pages.
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VOSSTANOVITEL'NYYE SVOYSTVA IONITOV R

09 Bnglish Title
REDUCING PROPERTIES OF IONITES

43 Souxn )
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Al

42 Author 98 Document Location
NECHAY, N. A,
16 Co-Author 47 Subject Codes 07 N
ZVEREVA, M. N.
16 Co-Author 39 Topic Tagst ion, ion exchange resins,
GREKOVICH, T. M. ion concentration, ion temperature,
16 Co-Author cation exchange resin, potassium, hydrogen
lon conceatration
NONE
16 Co-Author

It has been demonstrated by the present Investigation that jon-exchange
resing KY-2, KB-4[1-2, CBCP, 3113-10-11, AH-!, AB-17 are not oxidized

by 0.06 a solutions Fe(SO,), at [H+]=10-*~ 5522 ; the restns AB-
=17 and KB-411-2 are not oxidized by 0,02 a solutions NH,VO, st [H*] = ;
=107 — 83 and KV-2— ot [H*] =10""— 2,6 £ ; KE-4N:2 s ot )
oxidized by 0,02 n solutions K,Cri0; at [H*] = 107 — 2,6 1% | 4ng
AB-17 — gt [H*] = 107" — lO"-’#i; all investigated lon-exchange re-

sins are oxidized by 0,02 n solutions KMnO, at (H*]=10""- 5""“.?"

According to thelr stability towards oxidants lon-excharnge resins can
be arranged in a row g8 foliows: KB-4 M-2 > AB-17 > KY-2 > AH-1 >

> CBCP > 3A3-10-11 > AB-16.
The partisl oxidation of the lon-exchange resins by 0.02 n solution
KiCeyO: has been stated to have practicaily no effect on the exchange &

capacity value. English Translation: 6 pages.
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¢ IKFRAKRASNYYE SPEKTRY POGLOSHC: LNIYA BEZVODNYKH SERNOY
1 ORTOFOSFORNOY KISLOT

09 Bnglish Title IXPRARED ABSORPTION SPECTRA OF ANHYDROUS SULFURIC AND
4

.LERIIOBAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)

“& Asthor 98 Document Location
SHCHUKAREV, S. A. _
hor 47 Subjsct Codes (7

16 Co-Authox 39 Tople Tags? gulruric acid, sulfuric oxide,
phosphoric acid, phosphorus, hydrogen

W compound, orthophosphoric acid, hydrogen
bonding

KUKHAREVA, M. &.

16 Co-Author

ARBSIRALY The infra-red absorption spectra from 3700 to 2350 cm'! of concen-

trated anhydrous sulphuric and orthoghgsphoric acids at 20° C and in the
region of valent O-¥ vibrations at -40" C have been studied. The roughly
estimated values of the force constant and those of the interatomic C.H

tond length in these acids point to the considerable increase of the strength
of hydrogen bonds among molecules in the series HC10,< HyS0, as the length

of the O«H bond increases. Molar absorption coefficients of sulphuric and
orthophosphoric acids have been determined. English Translation: 6 pages.
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09 English Title 8§PENDENCE OF ORIENTATION ANGLE OF DOUBLE REFRACTION IN FLOW
CONCENTRATION OF SOLUTION
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42 Author 98 Documsent Location
BUDTCV, V. P,
“T6 Co-Author 47 Subject Codes 20, 18
NONE
16 Co-Author 39 Topic Tags: gcetone, flow angle,
NONE solution concentration, macromolecule
16 Co-Author
NONE
16 Co-Author
NONE

ABSTRACT  An analytic study has been made of concentration dependence of the
extinction angle in polymer solutions for 6 fractions of PMMA in solvents

of high (3K n, € 15.6 sp, tetrabromoethane) and low (n, < 1 sp, acetone,

butylacetate, ethylacetate, methyl-ethyl ketone) viscosities. Some methods
of extrapolation of

. tr2, Nep . . )
[':Ei]“. - g = AA"’C" Ne:2 l"“ +f¢“l‘-l+ oo:_’:

(g-velocity gradient, M-molecular weight, 1, - viscosity, and [+vy] character-

istic relaxation time) have been offered for C, polymer concentration in
solution (tending towards zero) in the high viscosity solvents. It is
shown that the study of the dependence

\"‘:.-' : v

Sl Ik

( & ).:-0 _ I(‘Ct).

with y as a function of nsp/c makes it possible to draw conclusions concern-

ing the nature of dynamo-optical effects and internal kinematic viscosity
of macromolecules., "The author is grateful to Professor V. N, Tsvetkov for
his advice and help in the work." Orig. art. has: 3 figures, 2 formulas,
and 1 table. English Translation: 4 pages
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"0 Engllsh Title Apour INFPRARED SPECTRUM OF TWILIGHT SKY

" | LENINGRAD, UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)
@ Kather 96 Docwment Looation
GNILOV3KIY, YE. V.
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NONE
Apumenme s e
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NONE
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m obse on o e tw 8 e ra-re

P he spectrum of about 1.1 micron are given, Apparatus are described,
typical spectrum of the twilight sky with different setting angle of the sun
behind the horizon is regarded. BEnglish Translation: 3 pages.
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09 Bnglish Title PHASE METHOD OF MEASURING MAGNETIC FIELD OF EARTH WITH A

43 Source ) -
LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)
42 Author 98 Document Location
BORODIN, P. M,
“1¢ Co-Kuthor 47 Subject Codes o0 08 1
NONE LiE
16 Co-Author 39 Topic Tage! pyclear resonance, earth '
NONE magnetic field, magnetic field measure-
16 Co-Author ment, filter, Lissgjous figure
NOEE ’I‘
16 Co-Author
ABSTRACT The F, I. Skripov (DAN AN SSSR, 121,998, 1958) generator has D -

been used as a nuclear resonsnce filter for terrestrial magnetic field
measurements with a broken reverse couplin, , the input of which consists
of a phasing coil and the output-- & receiver coil, The phase shift ob-
tained from measuring the terrestrial field H 4is displayed as Lissajous
figures on an oscllloscope. The 3ensitivity %f this device is shown to _
be 0.1 to 0.3 gamma, and an undis:orted signal ragistered from magnetic .
perturbations of y # 2 second %re!?luation missing] is ensured. [
This is shown to allow simultanenus measurement of short-period field
variations as well as slow changes. "The authcr is graterul to A. V.
Mel'nikov and A. A. Morozov." urig. art, has: 3 figures and 1 equation.
English Translation: 3 pages
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OF SULFUROUS LEAD OBTAINED BY CAmHODE SPUTTERING

LAYERS
LENINGRAD., UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)
“& Asthor 96 Docwment Location
BERLAGA, R. YA.
W S Kuthor 47 et 20
RUDENOK, M., I.
16 CoAutho- 39 Toplo Taget ,.tivation energy, absorption
NONE spectrum, electron diffraction analysis,
16 Co-Author evaporation, single crystal film,
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NONR

ABSTMACT Thin PbS layers were produced by the cathode-sputtering method under

s bell jar at 10~ t0 1072 mm pressures and at temperatures of 250-270 C.
Average evaporation rate was 0 4 per hour; the subtrate was at a 3.5-4 cm
distance from the cathode., The activation energy was calculated from tem-
perature dependence of conductivity using both the cathode sputtering tech-
nique and evaporation in vacuum with noticeable differences in the measured
conductivity between the two methods, The adsorption spectrum was measured
in thin polycrystalline layers of PbS obtained by the cathode sputtering

method.

Electron microscopic and electron diffraction studies were carried

out,

The PbS layers obtained exhibit the same properties as the layers pro-

duced by the vacuum evaporation method. The ability to produce polycry-

stalline and single crystal PbS films is shown to be possible by the cathode-

sputtering method,

"L. I. Meshcherskaya took part in the experiments."

Orig.

art, has: 5 figures. -

Bnglish Translation: & pages.
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09 Bnglish Title AVERAGE HEAT CAPACITY OF SOLID Fe203 - .5\1203 SOLUTIONS AT
~HEIGHIENED TEMPERATURES
43 Source
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42 Authorx 98 Document Location
POPOV, Yu, G.
“Y& So-Author 47 Subject Codes o7
NONE
16 Co-Author 39 Tople Tager ) ..t capacity, heat measure-
NONE ment, heat of solution, enthalpy, iron
16 Co-Author oxide, aluminum oxide
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ABSTRACT The mean heat capacities of solid solutions of the Fe203-A1203

system have been found to be a linear function of the composition.
This in good agreement with the assumption of the segregation of alum-
inium and iron atoms. English Translation: & pages.
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, 16 Co-~Author alkaline earth oxide, alkali, alkali
H
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?'- .
. 16 Co-Author
;) NONB i

e ABSTRACT IzlbOC].s, szlbom.s, (:lzlbom,5 have been synthesized, and the

reactions of their hydrolysis have been investigated, The examined compounds
rave been shown to crystallize into the cubic system according to the

A e« it . &

KiPtClé type:
)(elbocl5 Rb,‘,lboms Cvszlmom,5
a = 9,8154C6,001 A a = 10,0040,01 A a = 10,2940.1 A

English Translation: 2 psges,
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42 Authox 98 Document Location :
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ABSTRACT The data on the new application of ultrasonic in analytical chem-
istry are glven in thls paper. In using ultrasonic quantitative precipitation
of barium sulphate, magnesium and ammonium diprhosphate and calcium oxalate

may be achieved for five minutes instead of lengthy exposure of the precipitate
with mother liquor to heating or leaving them overnight before filtering.

English Translation: 5 pages.
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EQUATIONS FOR VERTEX PARTS AND BOUND STATES
M. A. Braun

There exists & point of view, according to which in the usuwal dispersion,
approach or in the method of double dispersion relations at least part of the poles
cf amplitude and recsidues at them are not arbitrary, but are determined through
other poles and residues. Particles assoclated with such poles are naturally
considered to be compound, i.e., bound states of independent particles. No
convincing results here, unfortunately, have yet been obtained. If we make certain
approximations (finlte number of partlel waves, consideration only of nearby
sinpularities), then the appearance of pcles corresponding to the bound states can
be observed. In work [1] such a method was used for finding bound states of a
nonrelativisitc particle in a potential field, and turned out to be fully
satisfactory. However, there are expressed opinions that the limitations on the
position of poles and their residues which appear during approximate calculations
are essentially connected with the approximations, and may be absent in exact
thieory. Another weak place such an approach to the problem of bound states is the
fact that determination of bound states should occur simultaneously with the findinr~
ot 11l scattering amplitudes ~ a problem of incredidble complexity,

Blankenpbec ler and Cook [2] recently proposed another wethod for the atudy of -
bound states, based on vertex parts, Authors considered a nucleon-deutercn vertex
in the lowest nontriviai order of perturbation theosry, and disregarding spins
obtained an vquation for mass of deuteron, With consideration of splns, the

«quation was not obtained, but it was possible to estimete the ratio of D-wave to
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s=wave in the ground state of the deuteron,

The present work is dedicated to generalization and development of method of
Blankenbecler and Cook. We will try to avoid perturbation theory.
. Hc will everywhere consider scattering amplitudes to be uniquely defined by
known quantities. We will not be concerned with the question of their constructlon.
As 1t turns out within the bounds of contemporary theory it is impossible to decide
whether it 1s indeed postible, on the basis of the equations obtained in this
method, to consider the deuteron to be a bound state of nucleons. If, however, this
is assumed from the very beginning, the equations actually make it possible to
determine approximately the mass of the deuteron through the masses w-mesons and
nutleons and their constant of interaction. In this work we will consider all
particles to be spinless. . -

We will designate by F(s, t) and G(s, t) the usual invariant amplitudes

(divided by 16 w) for the reactions "y + Ny =7, +N,and m, + N, =D + N,
respectively. Variable s in both cases is (p",1 + pN1)2, and t = (p” - p”2)2
1
for the first resction and t = (p, - pu,)2 for the second. We will introduce twe
. 1

vertex parts:
V=2 Uy N 5= (1, 1)
m—l(v. )li OUy@NDyy, s (”+ »)
(Jy — nucleon current),
For vertex parts in the interval (m + u)e s 8's (m+ 2u)2 the following

relationships of unitarity will, obviously, be accurate:®

I V(s)nap* (s) V* (8) V(8 (1)

i Wi)=y*(s) V*{5) Gy (s). )
Fo and GO represent S-waves of corresponding amplitudes F(s, t) and 'i(s, t) and
function ,’\+(l) is the boundary value on the upper side of the section 8 z (m + i

of the function

=LY E—@F ==

Tre relation of unitarity for Fo and GO with the same s have the form

‘m and u are the mass of the rucleon and T-meson.

-8~




I Py (5) == p* (5) F3 () P (0), (3)
Im Gy (s)=p* (s) Fy(s) O, (8). (¥)

The main assumptlon which we take as the basis of our reasoning is, Just as
in [2], the assumption of the fact that V and W represent the analytical functions
in the whole complex plane except the section along the real axis, diminishing
as |8l=-e@, ps some Justification to the latter we can cite work [3] about the
behavior of vertex parts at large values of the argument,

We will consider Fo and Go to be given functicns, Besides s, they contain as
parameters the constants of the mNN-bond g and NND=bond f, and also the maas of the
r-meson W, of the nucleon m, and of the deuteron my. If we consider that equations
(1)-(4) are assurate at all s 2 (m + u)2, then from (1) we can determine V through
F, and from (2) we can find W through V and Gy. After this we must require

fulfillment of the evident conditions:

Via =g, (5)
Vin)=t. (6)

Condition (5) can always be satisfied, inasmuch as equation (1) determines V with
an accuracy up to a constant factor, After that conditior (6), as one might think,
gives an equation connectii.g the quantities f, g, m, ¢, and m. As we will see
below, the baslc contribution to W is introduced by members proportional to f.
Therefore f drops from equation {0) and there remains the bond between g, m, u, and
M.

If fact we should, of course, consider that starting with s = (m + 2u)2 new
members containing nonelastic amplitudes are added to the right sides of equations
(1Y-(#), At present consideration of these members is imporsible, We can only
refer to the usual argumentation that nearby peculiarities give the maln contritutior,
fater we will pause in slightly greater detail on the question of how much the hirhest
amp ! itudes can change the qualitative and quantitative slde of the arguments.

Vvery curious, however, is the fact that even in disregarding the contribution
“rom hichest amplitudes conditions (5) and (6) by no means vlways lead to a
sonrection between masses and constants of interaction. This is explained by the
uet that equation (%) can have not one, but several linear-independent solutions.

(~ dlscussion of this question will be corducted below.) First of all we must
consider that the jump W is different than zero slsc at 8 < {m + h)z L anomalous

threshold).
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Dispersion Relation for W

In order to find jump W in the nonphysical reglon, we will resort to analytic
continuation by mass, The general scheme of calculations 1s presented in work [4]

where, iideed, a considerably simple case is examined. We will consider the mass

of the antinucleon, appearing in determination of W, equal to Ya<m. Then the

physical regions will cover beams cq-.—v'ir and t>(-.+ ﬁ)’ . At sufficiently
small x the region s § (m + 2;1)2 of interest to us will becowe physical, and we
will be able to write the Gispersion relationship

e n-i-érr‘_!;wmw. S+ -L;,.-‘.'.’-,u (7+0. 2. (7

where a(s, x) = V.(l)Go(l, x). In (7) our main assumption 18 used: W-0 as |#] - <.

Now it 1s necessary analytically to continue (T7) in terms of th.- varisablec =
up to x = 12. The possibility of such a continuation is assumed. let us assum
also that in the second integral in (7) the continuation is carried out in trivi-!
form, 1.e., Im ¥W(s, x) is replaced by Im W(s, 12).‘ In the first integral the
matter is more complicated. a(s, x) as a function of x has a singularity., The
amplitude Go(o. x) has a right section when s 2 (m + u)2 axd a left section whi-h
approaches in the complex plane s, With a growth in x the origin of the left
section emerges on the real axis and st x = Xq it reaches to point s : (m + u)e.
This prevents Zirect the analytic cantinuation of expression (7) in t-mms c! x,

Singulairities of Go(s, x) in terms of variables s, when 8 * (m + u)e, are
determined by conditions t = ‘0 Or u = u, when cos ¢ = t1; t and u are Mandelst.r
variables for amplitude G(8, t, x) expressed through s and the cosine of the
acattering angle in the system of the center of mass (c, m, 8,), 03 ©; t, and
are singularities G(a, t, x) in terms of the corresponding Mandelsiam variables.
The nearest singularities are obviously, poles to = m2 and uy = m.g The followir
singularities are t. = {2 + u)2 and uy = (2m)2.

Let us consider the ciosest singularity t = ‘2. When cos t = 1

e g et TR g r U S L RS X

where 3, and qy, arc magnitudes, of 3 momcntums Of the r-meson and deut-oron i o.r,

G gh—n+eAle—ln—sn.
&= & b=y Ve - (m, - VDL

iwe consider only the lowest anomalous threshold.
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- Equation t = m2 gives four values of 8 in
—p which singularities of GO occur: 8 = -m,
P s = 0 and two more values 8, and s,. When o
P pyt 0 1 2
x < (m - ) 8, and s, are complex. When
Flg. 1. Singularities s; and s, x & (m - u)° singularities s, and s, emerge e
¢! the amplitude Go. Arrows

on the real axis and diverge into various

sides in the interval (my—~VZ'<sim4pp . ‘ ‘

If we consider s, ¥ 8,5, then when

indicate the motion of singularities
during an increase of x from

(m - u)2 to me.

B e

bt o e e b e

x-x,-(--’-pp—%.g sm=(m+4pf , and with the subsequent increase in x, 8,, moves to

2

]
the left, When x = m° the singularity occupies the poaition si(m‘). We kno» that !

2

mix4m?. Designating m)=4im’-y, where y is small, we will find correct to y

8 b
st +B @ (8)
During the analytic continuation we should consider x to be complex:

¥ = xy 4 Ix,. We will take x, < O 2nd x, << 1. Then the singularities si(x) and

2 2
52(x5 of amplitude Go(s, x), proceeding from singilarity t = mz, with an increase

2

of ¥y from (m - u.)2 to 2" will circumscribe the lines which are shown in Fig. 1.

Co that the singularity sl(x) does not hinder analytic continuation with respect

to x, path of integration in (7) should be displaced tc contour C, depicted in th-

sams f'igure, This signifies the additicn of & new section of integration :

H(A) <1 <(m4pP. '
If we consider other singularities whe: t 2 (m + u)2 or u = u,, then it turns

out that on plane s singularities of GO(s. x), r:t reaching up to (m + u)2 with an

increase of x up to ng correspornd to them, Therefcre these singularities do not ’ 1

irder the analytic continuation with respect to x. ¢~
W separate from ""D(" x) that term which has the singularity corresponding

tmm QmU, 4Gy - @, does not contain singularities connected with t = =2,

vt

the cuntritution of tc (71 continues with respect to x trivially., G

Ve

represents an S-wave for only one diagram (Fig. 2): 1

1 a4l ) .
Cu o "'&z;'._ . (9 §.
[ ) §
e S L TR SRS Loy
3urlrg whici the trarch of the logarithe whish ic resl when = < =2 an1 7 > 2 i3
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selected. When s decreases from (m + u)2
to (m - u.)2 remaining higher than the
real axis, 2 describes the curve deplcted
m 3. Behavior of in Pig. 3. At the point s = 84 Gor

[ 1 ghnn. in s from undergoes the first discontinuity,

:: t :;2 : ::.to This means that through point 85 on
plane s there passes & complex section
perpendicular to the reesl axis, PFor tre

el .lytic continuation with respect to the mass it is wore convenient to consider the

fuction aoe(.. x), coinciding with Gyy when s 2 8y but not having a complex
sertion, After the section, obviously, OumOu+gil-. In the interval

s <1< e+ 0, Nuglc. |

Vertex part W(s, x) when x < X, can be written in the form W P+w, . By W
we designate dispersion integrals, continuing with respect to x in a trivial form

L ..-eI,_L.m..«. x) (19
whe re
"’ "-v.m%w. ‘)-V'W)Mo ‘,' ¢

We will take sdvantage of the fact that according to (1) the function V'(sX car b
continued analytically on the upper half-plane 8, and we will displace in {10) the

integration ccntour to curve C (see Pig. 1). Then

'u'%I;!-;rmw. a4 %I;S-;rmmr. D— (e, o) (111

{signs "+" and "-" pertain to valu.. of %, on the upper and lower parts of the locp
af integratian). When x < x, the second term is equal to rero.
For the function a,(s, x) it is possidble, in turn, to write the dispers‘cr.

relationship

.,“.,-{I&mw. 4+%.L---+%¢(-~- {12

Con:our ‘:1 includes the reraining icft sections proceeding both from Ggper W frew

i . ALl of the= 4c not reach point s = (m + &)°, Wher x > xg Folet 3, Tounds
-+ a)é, and with the snalytic continuation L) tn the firs. $utepral we 51..id

v

turn o the zecond laming of the functian hq-& V). we fing whern x X,
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&6, :)-%T;-;_"—'-,-hﬂ(l'- :)+%.L---+%J-----}:£,‘_L,-.& V. (13)
_&

It tollows from this that when x > Xq in the interval Qs (m4pf the difference

a{ - ai is nonvanishing and is equal to

LE - (1%)

2

We will find that when x = ™ for W the accurately iispersion ratio

vm-%.ra%'—.n,-mrmo.mﬁ { ;{—,uv¢¢+m+g'rrg‘m — :ﬁ- —
= -ier _ "

{15)
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Let us note that Im W is continuocus at point 8 = (m + u)2.

Equations for the Bound State

If we dieregard the contribution of multitail amplizudes and very high energies,
then the dispersion relatiorship (15) together with equation (1) allow the
de termining of V and W in terms of quantities Fo and GO’ considered to be known,
The question appears, indeed, whether relationships (5) and (S) lead tc the bond
tetween constants g, £, m, u and ny entering inte Fo and GO’ andé is nct this bond
the result of the approximation made.
Tet us assume now that disregard of multitail amplitudes and very high energles
{1 valld with all s8's, We will consider that in the dispersion relsationship (45) the
inst member i{s negligivle, and t*at equaticn (1) is accurate when all s 2 {(m + u}-‘?.
1. this case v: can find V(s) in the general forxm in terms of S-phase &
TN-scattering. If when sewfeslafd)(a=0, x1, +2. ,Z<d<1l) , then, az is wll- :
xrews. 5}, equation (1) allows for Vi indegendent sclu'lors, When #<Q im0 ; :

aher 83@and A>0 lecedl; wh n 420 and dw fma . A general soluticn of *he

. 1.:tion s obtalned from the sclution diminisning Tastest of all bty multiplication

ty tne polynomial P, _1{5} with artitrary coetrricients, Substituting the fcund V a.
Lo qumiity (190 we unijuely delermine W,
iot us o turn to relationships (%) ard ‘£5). Only in one cage do they iswrdiate iy : I

% bong between the masses and constasits of interaction: 4f { « 1, With

3

S oLls determined clirect to the sonstant factor, which isz found fros (S}, ' i

{ e

Pitice Y gives the unknown tord.

it del, the pirture _hanges fundsarrtally. I7 ¢ = {, then the cgusticns,

i, - omernil, 4o ret haso colutiors, AT . 5 4, tner relnticnshics (5 and (£) age




satisfled with arbitrery masees and coupilng ccnstants, i.e¢., in thic case the
particlee are independent,
I¢ 18 possiiLle to introduce into the consideration not one state with a

nucleon charge 2 (deuteron) but several with m:3ses mf, ofd,... and coupling constant.

i‘ﬂ f‘ﬂ.“. A11 the arguments would be applicable to each of the vertex parts .
w(i) “or these particles., The number ! of linearly independent golutions of

equation (1) can be naturally interpreted as the number of independent particles -
(including the nucleon). The ! relationships on the mass surface V=g, W= alicw :
uniquely fixing o all !l erbitrary consiants. The remaining particies prove tc be -
states of independsnt particles, Their masses and constants of interaction are not
arbitrary but satisfy the relationship W(mP=f, in uhich W no longer contains

arbitrary constants, It is curious that the number of independert particles in this

model is simply connected with the asymptotic bhehevicr of 60 when f— w0 and 1s !
accessible to evxperimencal observation,

Ir a real case, when contritutions from more distant sections are considered,
it is impossible to detarmine the number of independent solutions fcr V and W in
the contemporary thecry. We belleve, however, that gqualitatively the picture does
not change, i.e., a definite number of independent 3clutions exists, and this
number in principle can be oLtalned exverimentally. Some support for this
convicticu cen be found in the fact that if equations (1) and (2) are supplemented
by the contiribution of two-particle amplitudes, appearing during very high energles
(for instance, frem intermediet- tates FD), then the character of the sclutions
does rot change, although the vond between the number of independent solutions and
tre experimentelly observed quantlties 1s essec.vlally compl:.ated, i
From what has been said it follows that at presert it 1s impossible to declde

whether relationship (5) and (6) can actually cerve for determining parameters of .
the deuteron or whether the deuteron is an independent particle, and relationship

‘5) and (6) serve for the determination of constante in V and W. The answer to

+his question requires an investigation of V and W when s~ . We can however,

assume Trom the very beginning that the deuteron is a bound state, i.ec., that only

o solution exists for V and W. Then equations (5) and (6) become nontrivial, i
it solutions of equations (5) and (6) ir the assumption about the uniquen<ass of V
annd W glve a reasonable value of the mass of the deuteron, then t“ls 1is a strong

arsament in favor of "connectivity," of a nonelementary character of the deuteromn. :’

«l10=
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Otherwise the deuteron is an independent particle.
In the following section we will briefly discuss :he question of the

apprcximate celculation of V and W in the assumption about their uniqueness.

Determination of the Mass of the Deuteron

During the calculation of W(me) the main role in the dispersion integral is

played, by low-energy domains of integration, mainly the anomalcus domain, This -

ko o

is explained, on the one hand, by the assumed dacreaze in W(s) with large s's and,

on the other hand, by the proximity of the ancmalous threshold (8) to the point
s = m° and the behavior of Im W(s) when s=m*. Near s = ma, Im W is great, since !
it is proporticnal here toc 1/y (let us remember that m)=4m*—y¢* and y is small), ‘

It is necessary for us to know therefore the vertex part V(s) with s lying in

the region of mz. For the determination of V the condition of unitsrity (1) is at
our disposel, which can be rewritten in the form

V{g)mr () V™ () +r(s), (1€}
where H

u(ﬂa:{ 1 I (m+p),
exp(Ry(s) 8> (m4-p);

v* and V™ are values of V on the upper and lower boundaries of the section; r(s) is

the contribution from the inelastic terms, r = O when s{(m<p. ; g
1f r(s) were a given function, the solution (which we consider to be unique : ;
and correct to the coefficient) could have been writen in an evident form. We
could then directly verify that the when s~a* the quantity V(s) is a slowly
varying function of values of x(s) and r(s) when 8P m? (see, for instance, [5]).
More exactly. their influence would be reduced to the multiplication of V by the : >
factor, which is immaterial in view of the condition (5). 1In fact it is impossible
to consider r(s) as a given function, since r(s) itself depends on V. Nevertheless,
we will assume that in this case the behavior of V(s) in the region of low energies
immaterially depends on values 60(3) and r(s) with large s, under the conditicn
that the solution remains unique. Then the approximate solution of equation (16)
can be constructed, for instance, in this way. Let us reject r(s) in general,
and bo(s), and starting from some large value s = N we will replace the constant

n

0(N). If in the interval (m+4p)CsN the phase b, does not pass through

resonance, then the solution to the new equation will be unique and equal (see [5])

e
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V@i ~ exp{%j V) (-4;:-:)‘ 4 barceig s “l’ (17)

In the integral we should consider & (e)=34(N) when
s> N; Amy(Nyz ; A 18 an arbitrary constant, which 1is

determined from (5).

1]
Pig. ¥, Dependence of
v on g with differsnt a,
n the interval eS<cec~00
no solutions exist.
Nt 4 HP.

The use of formula (17) requires knowledge of
the S-phase of wN-scattering in the interval
@®+s<s<N . The phase can be taken, for instance,
from experiment. In our spin-zero model, for the purpose of illustration of the
method, it is ressonable tc start from the rougher approximation, in which it 1s
necessary to know only the length of the wN-scattering.

In the vicinity of sss(m<4-p) the vertex part of V on the basis of (1) 1s in

the form

Viym=n 6)-+in ) () 18
nim Y EEED (e

{ef. [4]). Functions vy and v, are analytic in the vicinity of (m + u)2 and there
can be expanded in series in powers of g} v ()=l +pleff+... . Constants of off
are determined uniquely from (5) and the requirement of realness of the right side
of equation (1):

g g (saVim], .

WueVipel, (19)
a is the length of S-scattering =4N-u4N . The remaining terms will be
disregarded, since in the main domain of integration Py is small, By this

consideration we replace quantity p*(s)V*{8)Ge(s) in integral (15) by

II'PDVW'{-!.)‘—:”J—(-.—.)'] (the difference is proportional to p?). We

obtain for w(me) the expression

. -
v(m-m[.imm—-V~~fm.(-)m)]. (20)

where

()= lm—ﬂy](a-‘iiu, i8] |8 — (mp—@)¥].
Fqusting :=0) to constant f, we find an equation not dependent on f and

determining m, in terms of g, m, 1w and a, Represented in Fig. 4 is the obtalned
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depensendec of guaniity y, connected with iy by ihe equallty m}=4m?—q* , On the
~onstant mh-interaction of g with different values of the scattering length a.
Viic system of units h = ¢ = o = 1 is used., In view of the model character of the
vroblem these curves nave, mainly, an illustrative value, We would like, however,'
to point out the reasonable order of magnitude of the coupling constant g‘, neede§ \
for tre appearance of a bound state, and the natural character of the dependence of
Yy oon £, ’ —
The author thanks Prof. Yu. V, Novozhilov, L. A. Khalfin, L. V. Prokhorov and

V., A. Iranke for their attention given to the work and their interesting discussions,

Summary

The system of dispersion theoretic equations for the vertex parts =
NN and NND with a nucleon off the mass shell is studied in the low
energy reglon In the spinless particle model. The anomalous threshold is
caicu'ated by analytic continuation In the mass variable. Under the assump-
tion that the deuteron is a bound state of the nucleons, an equation Is
oolained for the determination of its mass, (inglish Summary)
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ASSOCIATING OF NUCLEONS IN NUCLEI
B. Ye. Bunakov

At present much attention is paid to the question of the existence in nuclei
of nucleon associations. There are numerous of experimental data indicating the
presence of such associations in nuclei. However, thus for the use of the shell
model of the nucleus has enjoyed the greatest success, With its help it is
possible (although roughly) to predict the sequence of levels in nuclei and the
characteristics, of the levels, to calculate the probability of different processes,
ete., The weakest point of the model of the shells lies in the calculations of
binding energies of the nuclei, i.e., the very region in which the model of nucleon
associations proved itself very well (see, for instance, [1]).

It is known that the shell model of independent particles reduce. all real
two-nucleon interactions to a certain averaged self-consistent potential. However,
from first the steps of this model it became clear that this potential only very
roughly reflects the properties of real interactions between nucleons, For a more
¢xact description of the nuclel & computation of the effective residual paired
interactions is necessary,

Taking into account all the above-mentioned, it is of interest to try to
desiyn a model., which in the bounds of the model of independent particles (with
the preservation of all its valuable properties) will allow the consideration of
the assoclating of nucleons in nuclei, It 1is natural to examine such assoclating
with the help of different residual interactions between nucleons.

The assumption was earlier declared [?] on the fact tnat nucleons which are

-l -
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in an S-state with respect to each other (in a system of thelr general center of

mass) interact most intensely in the nucleus, The given assumption will be

fundamental in our article, In accordance with this association we will use the name

m nucleons for that group of m nucleons found in an S-statc relative to each

other,® The thus defined associating of nucleons, in distinction from "radial" )

essociating (for instance, the usual a-model), can be called "energy" or "angular,"

In this work we will show the bond between the probabillity of existence of g
such associations in the nucleus and the quantum numbers characterizing the '
irreducible representations of a group of transpositions and orthogonal group
(symplectic group for the j-Jj bond), on which the orbital weve function of the
glven state of the nucleus will be transformed. Further we will consider which
residual interactions lead to the associating of nucleons in the nuclei,
A 1. In the article of A, I, Baz' [2] it was shown that in order that in a
group of n nucleons the S-state of the relative motion of m nucleons be reulized,
it 1s necessary that among lines of the scheme of Young [f] of the n-nucleon state
there be at least one line Ja>m. If such lines of fk are several, then in this
state there can be several such m nucleon groups.

Let us now turn to the question on the bond of the S-state of the relative
motion of two nucleons and the quantum number of seniority v of their orbital wave
function, Let us consider the spatial part of the wave function of two nucleons

in the state with senlority v = O:
18 Lm0 Mm0>=mRi(r)RI(7) 98, v, 8. w57, (1)

where R, is the radial part of the wave function of the !-nucleon in independent

particle model; ;., r’, are radius-vectors of individual nucleons in the system of

center of mass of the nucleus; #, ¢ and ¥, ¢, are spherical angles of vectors ;. ca

and ;,. i
The angular part of the wave function (1) can be presented in the form (see, .

for instance, [3]), : i
0@, 9. 8, w-("'Y@ﬂ‘m'ﬂ o

-
where 1312 is the angle between vectors 7. and f,.

iThis means that every nucleon of our group is In an S-state with refere e
to any other nucleon of this same group [2],
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Let us now accomplish a transition to new coordinates, ﬂ-a-'-’-'ii- is the
radius vector of the center of mass of the two nucleons; ;..Ei;ji is the radius
vector of the relative motion of nucleons. We designate the spherical angles of
vectors R and 7 as 0, ® and 8, » respectively.

Elementary trigonometric computations give the ratio

. Mg
T ] . S

where » 1s the angle between vectors r and R. Consequently, in the new coordinates

(1) will taxe the form
1P12100>=A(r, R, -)=§;n..(r. R) P+ (cosw) ==

=300 R 0=e, 9130, 0.
During the deviation of this formula we took advantage of the fact that in the

(2)

case v = 0 the two-nucleon wave function 1s invariant to rotations, and in the
selection of the new system of coordinates let us assume great arbitrariness.

This arbtitrariness is the result of the fact that we consider the motion of two
noninteracting nucleons, The real two-nucleon interactions, obviously, will lead
to such changes of wave functions of individual nucleons that the angular
dependence of the two-nucleon function of form (2) will become the only possible
ore.® In case of the oscillator potential, wave function (1) is expanded into e
sum of wave functions of S-states of the relative motion of two nucleons with
different main quantum numbers n., However, for us this is immaterial. The energy
advantage of the S-state for the central short-range interaction consists in its
angular isotropism near the origin of the coordinates (i.e., where the force of
interaction is maximum). The presence of nodes for the wave function far off from
the origin of the coordinates is immaterial for the energy of the interactions
considered.

Thus, the state of the two nucleons with a cfenlority v = 0 can always be
rcpresented as the S-state of the relative motion of the two nucleons. In case 940
during the transition to the new system of coordinates in function |®{HLM> a
tirm wlll appear not depending on the angular coordinates of vector ;, but, together
witt. it, t.rms will be present containing this dependence; 1l.e., the weight of the

J-state iIs lowered (see, for instance, the calculatlons of A, 1. Baz' for nucleont

"The author thanks 4. I. Baz' who turped attention to such a possibility of

the rhyal-~! interpretation of formula (o'.
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of the p-shell [2].

let us now turn to the case of n nuclecns. It is known that every Svt&tt' e
n nucleons can be characterized with help of the operator of seniority Qm g,,,,
where ‘

PLM|GIPLM=@+1), ,

The mathematical expectation Q shows what number of pairs |#90) is contained in the
stte (BiL .

From the above it is clear that the greater the values of operator 0, the
greater the weight with which they will enter into our configuration of the
S=state of the relative motion of the two nucleons. It is known [3] that the

mathematical expectation of operator Q

(@ 10(SUnsd —30(Reol + 2yl

where

SV [ !
OSUsu )= LilhA— D+Aalh—0+.. |- EgTHE
is the eigenvalue of the Casimir operator of the group of unitary unimodular

transformations SUws (i, foo.-. lines of the Young diagram [flk

Oifu) =y imim+F— 1)+ oo+ Y—3+. ..+ el + 1)
is the eigenvalue 5f the Casimir operator for the group of orthogonal transform:aticns
Ruir(my, @, .... oy are numbers characterizing the irreducible representations of
group Rw,, and connected uniquely with the number of senority).

2. Thus, we see that the classification by quantum numbers Uf] and » is at
the same time a classification by weights of nucleon S-states of relative motion
contained in a given state., Inasmuch &8s the interaction of nucleons in the S-stat.
!s maximum, then the most favorablc from the energy viewpoint will be the
configuration of n nucleons containing the maximum number of groups of nucleons
in S-states and with a maximum weight, i1.e., a configuration with a maximum lengt:.
of !‘1 lines of the Young dlagram for the spatial part of the wave function and
wit minimum numbers 'ni (with minimum seniority).

in the independent particle model there is degereration by quant:m numbrrs
If1 and ». This 1s natural, since all interactions ol the nucleons are red. i
tc ar averaged self-cronsistent field., 1t i: possible tc remove the degenerat o,

only with help of computation of some resid.al interacticrs Letweer the nucliona,

s,
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These interactions will be responsible for the association of the nucleons.

Takirg into account all the considerations about the energy role of S-states
ar.d abtout their weight in the n nuclenn wave functicn, we must select residual
interactions so that they are maximum for states with meximum fi‘ and minimun 31.

Such interactions in the model of the L-S coupling are a very broad ciass of
central forces, For the p-shell this will be any mixture of Wigner and Marjorana
forces [4]). For the d-shell any mixture of Wigner snd Majorana forces gives us
matrix elements of residual interactions depending on Slater integrals [4], Having
used the appraisal of these integrais for the d-shell carried out by Swiatecki [5],
we are convinced that if the effective radius of residual interactions does not
exceed the radius of the nucleus, then any mixture of ¥Wigner and Majorna forces
will also be the class of residuel interactions which we need,

3, In case of the sgram of the j-J coupling evervthing is slightly more

~omplicated., Here there clearly exist states of two nucleons with senlority ee0,
being, however, in an S-state relative to the motion. Such a state will be the
isotopic singlet T = O, the space-spin part of the wave function »f which will be
if1=1M> . But, as before, every pair of nucleons with emQ [f/=0M=0) is in
an S~state of relutive motion. Proof of this is found analogously to the case of
the [.-S coupling. It is necessary only to remsmber that the S-state of the two
nu:leons in case of the isotopic triplet T = 1 is realized only when thelr spins
are antlparsllel.?!

a2
The above-considered operator Qagdu. where

PIN e/ 18y =Y+ 1)8,,
for the J-J coupling will have the magnitude of mathematical expectation [6]:

, (@ £=MYLI=2=9 _ (74 ) 426+ 10

wiere n is tae number of nucleons in the subshell jJ, v is the seniority of the

state .‘.“

, T {8 the isotopic spii, and t is the reduced isotopic spin of the systenm,
Hence, it is clear that the smaller are v and T, the grester the nucleon

pairs ~ornected in an S-state of the relative motion will be present in the

'Inasmuch as the wave function of two identical particles (two neutrons or two
rrotons’ always belongs to the state T = 1, in examining the interactions of identicsai
rarticles the pure S-state of the two nucleons will appear only in the case v = O,

Our results, thus, are of interest for the case of intermediate and heavy nucledl,
sit e here irteractions of identical particles are considered.




given configuration of n nucleon pairs i.e., the more suitable the energy stute.
.Al in the case of the L-8 coupling, for noninteracting particles a degeneraticn of
states with respect to T, v, and t will take place,

Lat us mgain consider the form of residual interactions, removing these
”mntlom in such a manner that the energy of interactions is maximum for the
least values of T and v and the largest values of t. These interactions, obviously,
will be responsidble for the assoclating of nucleons in S-states. We again arrive
at the conclusion that such properties will be possessed by different central
forces: for the subshell I-‘. any mixture of Wigner and Helsenberg forces [3];
{crl-*. definite combinations of all forms of exchange nuclear forces. In the
srticles of Talmi and Unna [6], (7] there was consideration of such & form of
interactions. For the energy of interaction of n nucleons of ccnfiguration (%)‘
the following expression was odbtained:

B~T(r40p 4| === 4 ie 1)), (2

Parsmeters 8 and ¢ were determined from experimental data by levels and
binding energies of nuclei of the shell /-%. The best agreement with the
experiment is obtained for the following values of B and ¢c: for the subshell
'*0-«“0-“ ; for the subshell l% Pax 108, cwe000 . For subshell /-; suct

s form (3) of energy of interaction can be obtained only for basic states of rnu i1
under the condition that tne seniority is a good quantum number., However, fo. tiw
case of the interaction of identical particles of the subshell /-;. the dependen
of the energy of interaction on the senority of fore (3) is retained [6].

Thus, we can confirm that the adove-mentioned residual interactions, which
agree well with the experiment, will lead to the associating of nucleons telng
ir an S-state of motion with respect to one another,

4, Let us now consider the basic states of the nuclei, They shculd be
~haracterized by the maximum value of the operator Q. Furtherwmore, as we have 5. v,
i. the case of 1-5 coupling, when the symmetry of the apatial part - the wave
runction 1s uniquely characterized by Young's scheme U], this diagram indicates
=8l groupf of m nuc,eons, belng in S-states, can be contained !n t:e glve:
r.rleon wave functionn. In case of two nucleons in the basi- s°zte (diagrax .
foung, {2]) this can be a4p. 38 or 2p. In case of three nucleons iScheme Cf -uvuiw | %]

3 o

this is M4porP+a. L.e., associations, analogous tc the nucilel i and e
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In the ace of “our nucleons “scheme of Young [4]) this is M4, i.e., an analog

o7 thi a-particle., In case of five nuclecons (scheme of Young [#1]) this is He'+s

or Hetd-p, ¢,

From an eneryy point of view we should expect that nucleons, being in S-states,
r. more strongly connected with esch other than with the remaining nucleons, !
Tieretore, ror instance, a six-nucleon group with the scheme of Young | 42] 1s
.asi-r to split into two groups with schemes of roung [4)] and [2] than, let us say,
i1to groups with schemes of Young {*] and {3]. From this there immediately follow
tte rules ror selection from schemes of Young in the various reactions, which
were dis~ussed in report [8), Hence also the periodicity in the binding energy of
tte ls © rucleon wnich was discussed in articles [2]) and [9]. The periodicity
~.rve of tinding energies of the last nucleon indicates the prezsence of associations
Jromothres nucleons. Actually, in the case of only paired and fourfold associatirg
1i1 s would te observed on the curve of the binding energy for Ax=4a43 (see Figure
ireliminary appraisals of binding energies with the help of calculation of

rorl-on assoclating by the above-mernitioned procedure provide s shape of the curve

wi ot btinding energy of the last nucleon agreeing well with experimental data,
ixa-' ~alculation of the tinding energy of the last nucleon is outside the scope
~ vl work esne will be subseguently undertaken.
Inasmuch as the S-state of four nucleous
and two protons, we can predict that, for instsr -,
it is easier -0 extract triton frowm R15 than Hv:

{see table:, lLet us C..slder that experimentsal

data op bindirg erergles ¢ *ifferent nuclecon

ve u501id lire denotes the associations in light rucle! (tadble:. In *n¢
s rimental ~urve of tinding
cxowvivs (27, The dotted line compilation of the tsble data of articles [10]
The curve for the case of
*atred oant foyrfold and 713} were used,

ARt ing,

Tats of the tatle confirm the exister-e .
the connection tetweern nuctleon ass-cliating ard
Coetr St s tne ortital wave Turcticn of the nurleus.  I' sn.id te notel Crat
: famtor f works of wildermcutr and cthers (for instsn~e, dn 11, the =tractre
oo &g lations b orazh nucleus wrs determined with a great degree of

sritrarirocs, Tre srocroged conglievactior wokes (1 rossilile o determine i l3a ]

~ipLct e 01 osgsociatiors for tasic statecs cf ructlel bty tnr Known S hem Of Yluru.
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Young
Configuration {Type ofldiagrsm of Flrding
Nucleus |and diagram of |split- |splitting energy,
Young ting prodiucts Me v
4 ”® Hat -4 b Rl & 10
At et . Wbl p Il'"l"“'l*l 448
Ww4a 4+ h 3%
” U Hel + -
Lo oUEE) B | OB .
. Le4p l -!-H 175
. u+’ - l ‘m
o He® - He! 414 143
At Mot | e ol S s 1
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g LIS 4 Het 43] - {4 48 '
A fure .’1‘ +>4 o
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[ 2 +1 i 8,4
L 4 He i 1] .
Piata -0y, AW
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L 104 718 E
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o™t a hﬁt éld ‘ 1508 |
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wARY [ o ] o0 o4 £ [0 x'i'"’ ) l““ '-‘d' 622 i
+Herl ™ | T an

The table glves data only for certain randomly selected nuclel, In genersl,

such a regularity is observed for all nuclel in the region of A3. It should be

roted that into the binding energy there enters not only energy of residual

interactions, but also the binding energy of nucleons in a self-consistent flelu.
It is :zlear that two nucleons are bound in the self-consistent field more strongly

i than one. Hovever, the role of residual interactlions 1s so great that, for instance, :

10 |

to extract a neutron from the nucleus B is8 more difficult than to extract a

deuteron (see table). With an increase in A the role of the Coulomb interaction
i increagses, which conce&ls the observed regularity.

The author wishes to thank Doctor of Physic and Mathematic A, I. Baz', Prof. B
G. F., Drukarev, V. G, Ippolitov, V. Feyfrlik, and Candidate of physics and

mathematics G. A, Chilashvili for their valuable discussions. "

Summar

A relation between the nucleon clustering and the form of shell-model wave
tunction of a nucleus is considered. A large class of effective two-body interactions
is shown to cause clustering. An experimental regularity 1s found to be present in {
the values of binding energies of light nuclei, which assumes the existence of
.wo~=, three- and four-nucleon clusters., The method under consideration makes it i L

possible to treat pairing, triple and quadrunucleon correlations on the Ptasis of
the same effective two-body interactions of nucleons. A transparent physical




i"tr[r" tior 18 glver for the experimental facts of energetical advantage of
srates witn the lowest sernlority snd !sotoplic spin.
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NEAR-THRESHOLD BEHAVIOR OF THE INELASTIC-SCATTERING
CROSS SECTION

T. V. Zhlkhareva

As Ross and Shaw 1] indicated, the behavior of sgections near the threshold
of new channel is convenilently investigated with the help of M-matrix, connected

with the matrix of reaction of the K relationship
T
" 2]
Mme K *. (1)

where x is the momentum, and ! is the orbital moment of the channel,

Near the threshold of a new channel, where the sections can undergo considerable
changes, elements of the M-matrix are smoothly changing functions of energy. 1In the
approximation of the effective radius the first two members of decomposition of

Mii in powers of energy are consldered

’ My (Eymm My\Bys 4 Ry (o) (E— £ o) = My(E)) + (2)
+ JuR - (8],

The initlal expression is the relationship between the M-matrix and scattering

matrix T
ras Vit (3)

The partial cross section of the transition from the l-channel to the i-channel

for the full orbital moment L equals




LI

-

—ir e imneserm

P .._,,...!.'.;.., ) o e e e e

s o ——— A 0

In the present work the case of the three channels is considered, and the
resonarce effect and behavior of the cross seztion of the first inelastic reacticn
0y, near tne threshold of the second lnelastic reaction (#,w=0) arc studied.

If in the problem on electron scattering on atoms we can disregard the spin-
orbital interaction, then the full orbital moment L and full spin moment S and
thelr projections ML and Ms on the separate direction are separately retained.
Therefore in examining the bond 83—sg8—as of levels of atom, L=/ ==, where
1.1 is the orbital moment of the electron in the i-channel,

Near the threshold of the second inelastic reaction when xR, | electrons are
formed in the state with the orbital moment equal to zero; consequently, only zero
partisl waves of elastic scattering 94 and of the first inelastic reaction %0
can lead to this reaction., Thus, Lmmissf=0.

1. Resonance in the Inelastic Cross Section %5

' T -M*M—M-(ﬂa—u.)l o, (
D | i (M — ) (Mg — ) (Mg — i)+ 2M Mo M, —
- “(‘I"" “l)" “(Mﬂ— “l) - "Hf'-“ "t]

Below the threshold of the second inelastic reaction w,==if,. It is convenient

\n
—

to present (5) in the form
S Tam(—f437, (6)
toiny 4’[‘..-!-‘ - -u;:u..+ u: —x:lp(ﬂﬂ)]‘
;.'-M‘Ia' M"’h..n)(“:*-b)—:,g,—tgﬁ.
Calculations are carried out disregarding M, 855, iwa.
The condition of resonance in the cross section %o below the threshold gilves

B Mg -

- po= . (7 ‘)
) *ﬁﬁé;ﬂw( E"n*'i-‘!)

Considering the weak bond with the new channel, when the matrix elements of

the i -matrix connecting the old chaunels with the new one are small, we can confiru
that just as in the case of glastic ascattering [2) the prethreshold resonance i
tne innlastic cross section is observed cnly under the condition Myu<0. The
exigtence of this resonance 18 connected with the capacity of the attracting
potential v” to create a bound state of the particles forming in the second
inelastic reaction. For the resonance to be nurrow, the diasgonal interaction in

the new channel should at lezst be sufficlent to form the bound state, and the




nondiageral Irters ticrs wisr tre *'ird channei should be small.

o7 ‘an, te rewrittern trus:
A= My 4 e My

In ‘he author's work [2] 1t 1s shown that the position of the prethreshold

resonance in the elastic cross section can be presented in the analogous form

B My e,

Therefore, 1f the elastic channel is not connected with the second inelastic
channel namely, My=0, then the position of both resonances coincides and on the
curve of the complete cross section a narrow resonance is observed, The presence
ot this &ond results in the resonance in the complete cross section being eroded.

Let us show that the approximation of the effective radius allows describing

only one prethreshold resonance. Let us use (2) below the threshold

Ma(bymMy ) -3 8 (8)

and substitute (8) in (16). Then from the condition of resonance from & a
quadratic equation having two roots, 1s obtained; g" coincides with (7), and ?-i-
But the second resonance is artificial, because the domain of applicability of the

approximation of the effective radius is determined by the condition [1]

R — 8 (E) | <. (9)

In particular, in work [3] in the singlet case two narrow resonances in the
elastic cross section were obtalned, of which the second turned out to be artificisal,
since in the region of 1ts location the highest members of deccmposition of the

matrix are very large (of the order of 10-103).

2. Threshold Behavior of 012

Let us consider the character of singularity of the inelastic cross section

4o in the threshold #m0. From (5) we can obtain

%5)’-(0)"-
1= (Mt ) 36 (M +e)m L ove the threshold

5-“.‘)-(0)" - (10)
— ’*(*"'4)"":”"(‘:""‘{)“‘ ' below the threshold

.
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>0 18 a constant not depending orn & anc |&]|, ralculations ure made disr yardire

M n>3iesn

Hence for identical signs of M,, and My, the case M <0, My <0 corresponds
to the singularity, step, and the case M;>0 My>0 to the peak. As we will
subsequently see, in the case of different signs the type of singularity is
determined by the largest of the sections 01} and 02}.

Let us show that the quantity of the singularity in cross section %o is
proportional £o the sum of the cross sections of inelastic processes 013 and 02}.

From relaticnship (3) it follows

r.-w%m-"-"nn(“u—‘ﬂ)l o, (11)
r.-m“ (M, My — My (M — ix)] D*
Producing the calculation in the same approximation iii which (10) is obtailned, we

have

| Tape (M td)es
(12)
|r."ﬂ5;+—9-.1‘r

Thus, the greater the probabllity of inelastic processes 013 and 023, the
larger the singularity in threshold s=0 in the inelasllic >ross sectlou qo0

Let us note that in work [#] on the cross section of the creation of the
A-hyperon near the threshold of the creation of the z-hyperon, the singularity
in the partial differential cross section, A-hyperon creation was obtalned
prcportional to the product of amplitudes of reactions (Ty-Tw).'

3, Near-Threshold Behavior of the p-Wave of the Inelestic
Crosee Section % 5

Let us congider the behavior of the p-section of o,, near the threshold of
the second inelastic reaction. In this case, according to the law of preservatioc:
of the full orbital moment L, orbital moments 1 and 3 of the channels are equal *

1

r.-m’ln.nru.(u. —uy| 0™, (13
Dmpai— — o (Al daf) (Mg — ) (M — ) + 2M MM -
AR (M~ ) — MG (M, ~ i) — A (M, — i3,

‘Footnote omitted in original test {Tr. Ed. note].
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rrer. 6, ul'ter algebralic transformations we have

win)oa@®'=
_._M:}&(‘ﬂﬁ"ﬂ" £ above the thresnold

nld) ey (0)~'= (14)

-l %+ ."‘”“("“"{).'.; below the threshold

Yvwill be obtalned from s by the replacement of & -+#}, & -+

of
P«=-°+' E.l.%-ﬂ—.

The picture of the threshold behavior of p cross section %o is represented in the

figure.

This result can be obtained from the ratio of unitaryity for the S-metrix

ASulP+ISuP+|Sulf =1 (15)
Since 1‘.-?~;§' in the vicinity of the threshold of creation, then
ISut~1—asd
w4 1)ISeP~1—0 (16)

whenece it follows that %-o in the threshold.

Now let us turn to question of the prethreshold resonance, Below the

thresnold
wymih, (My— i) =My -4 an
Considering the decomposition of M33 in powers of energy for I>@[1]
Ma)= Ma (£)— o (41— (B, . (18"
o= (M4 1nE— -1
Moy () == My 0) -+ R; 18,

w. an disregard quantity M in {17).
. Ll Al
‘he condition of resonance in this case leads to &-(‘RA) where & is

ctratned Trom (7Y by the replacement of £, -~ o} &<

A bl b) If this resonance sppears
‘ >‘~< = t—, artificial, i.e., inequality 9)

is not achieved, then {t {2

S

= ;.‘ =% b= s = necessary to attract following wmeabers

of decomposition cf the M-matrix,

Ty

Presicold teravior of p cross secticn of e
B STV IRY N A FPTY WY )
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Por instance, in work {3) the resonance in the p-section of elastic scattering wus
revealed in considering term ~#.

In examining the dbond of ag—np—ag of nondegenerate levels for L = O with
a weak dond of ap=ng the position of resorance i3 determined by formula (7) witl,
the replacement of feaf

In conclusion I wish to express deep gratitude to G. F. Drukarev for his useful

discussions.
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N JCLEAR-RESONANCE GENERATOR WITH FLOWING LIQUID!

F. 1. 3kripov]
}
§ 1. Introduction {
The phenomenon of nuclear magnetic resonance, discovered at the end of 1945, : 1

soon - roduced a true revolution in the methods of measurement of strong magnetic !
fields. The well-known relationship between the frequency of resorance (i.e., the
frejuency of the Larmor precessicn of nuclei) w and the intensity of the magneti-

M, superimposed or the sample

~..]1%E:1.Ag (1)

{y — gyromagnetic ratio; ¢ — a small correction as compared to unity, considerin
the shielding of nuclei by the electron shell) allows reducing the measurement of
the field to a considerabtly more convenlent and accurate measurement of frequency.
THe extreme narrowness of the ressnance peak in liquid samples (somelisg=s oo o
fractions Of <ycles per second) and the cxceplionel etabllity of the coef{icien:
tzzlﬂi}ﬂ-{up to 10'8 and above, in & sufficiently wide range of external conditi-ns,
te the invariability of the chemice! composition of the substance is ensured! 2ause

a sufficiently high sensitivity o: ihe zethed and, especially, high reprodu-ibilisy

27 the ovtulned results. Moreover, the cnly unit of =quipment raquiring

‘Artlcie was prepared vy the authn:s in 1961,




experimental calibration it the frequency meter, Comparitive measurements, during

which the knowledge of the magnitude of the k facter is not required, are fulfilled
especially well. During absolute measurements (i.e., when not only are values of
intersity expressed in the same units, but these units are also directly connected
with standards of mass, length, and time), the accuracy is limited by the error in
the experimental measurewment of the quantity k. This error is determined by the
accuracy of absolute electrical measurements and is at present C.003-0.005%. For
instance, for proton resonance in water the coefflcient k is equal to

4257.77 t 0.15 cps/gs. Of the number of other merits of the nuclear-resonance
method in magnetone?ry we should mention the absence of the need for accurate
orlentation of the %ransducer with the sample in space, and a&lso the possibility
of direct and undistorted transmission of the result (frequency of the signal!)

by wires or radio.

The basic deficiencies are: a) the low intensity of the nuclear-resonance
signal, leading to complication of the receiving equipment; b) the presence of
certain limitations of the speed of measurement, owing to nonstationary phenomensa
during nuclear precision measurement of frequency inevitably requires & certain
not too small, time interval; c) the high requirements for homogeneity of the
measured field.

a) Nuclear-Rescnance Measurements of Weak Fields.
Procedure of Packard and Varian

The expansion of the nuclear-resonance method to weaker fields, and especially
its application of 1t to geomagnetic measurements, has encountered very
considerable difficulties, which have been overcome only in recent years. During
transition from the range of strong fields to the terrestrial field the intensity
of the nuclear-resonance signal drops more than one million times, An increase in
the dimensions of the sample, fully possible in connection with the high
homogerelty of tne geomagnetic field, can compensate the indicated decrease of the
signal only partially, Therefore, although in separate works, we managed with
the help of the usual procedure to obeerve a signal at HO ~ 0.5 gs [1],
experimental difficulties remained so significant that the problem could not be
conaldered satisfactorily solved. The creation of practically useful measuring
equipment as before required radical improvements of the method, considering the

specifi¢ character of the range of weak fields.
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Aside from the work of Schmidt, now of only historical interest [2], 1t is

possible to say that nuclear-resonance measurements of the Earth's msgnetic field

became practically possible after the fundamental work of Packard and Varian {3, 4].

These authors proposed and carried out in practice new procedure, appilicable only
in wcak flelds, of the excitation of free nuclear precession, during whl'ch (true,
at the price of giving up continuous observation) the intensity of the signal can
te increased by hundreds of times.

For the method of Packard and Varian the elternating of periocds of
magnetization of the sample and observation of the signal is characteristic,
The sample with a volume of the order of hundreds of cubic centimeters (water or
another shightly viscous liquid possessing a high concentration of protons) is
surrounded by a multiturn receiving coil, which is part of an oscillatory circuit.
The circuit is turned to the frequency of nuclear precession w. In order to
measure the Earth's magnetic fleld Hj an auxiliary (polarizing) field K is
superimposed on the sample beforehand. Both ﬂ’, and the axis of the receiving
coil should be approximately perpendiculev to i&. However, there 18 no need for
exact orientation, which is an imporient we¢rit of the method (changes, of
orientation affect the intensity of the signal but not its frequency). Regarding,
however, the angle between the axes of the pclarizing and recelving coils, then
it can be arbitrary; cften the same coil is used as both polarizing and receiving.

lpon the lapse of i certain time after the inclusion of > {usually from one to

several seconds)!. nucleer magnetization ﬁ, is established in the sample proportional

in magnitude to the total effective field ﬂs=l7.+l7‘ and directed along it. Then
H* will be released 30 Tast that during the time &¢ of the release the vector I

does not change not only in megnitude but also in direction ©275-107 sec). As a
result there appears a unigue unsteady state, which we aometimes call coherent or

emitting: nuclear magnetization is not in parallel to the remaining field HO tut

precesses around H, (with a frequency of w, see (1)), forming spproximately a “ign.

ancle with it. The gradually attenuating revolving component of vector ] ror
several seconds still retains a considerable magnitude, caused by the strong ficld
superimposed earlier, It is precisely this circumstance which leads to the
above-mentioned gain in intensity of the signal., The precessing magnetization

induces in the receiving coll a variable emf of corresponding frequency; the

variable emf after amplificaticn proceeds to some variant of the measuring clrcuit.
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Distinguished by their comperative simplicity (while retaining the majority

of the merits of nuclear-resonance methods), the magnetumetric devices based on the

| ! indicated principle quickly obtained a wide distribution. In the USSR work in the
indicated direction was started in 1956 by the Laboratory of Msgnetic Microwave
Spectroscepy of the Lenigrad Stste University Jjointly with the All-Union Institute
of Methodology and Technology of Exploration [5]; of later foreign works references
{6-9] are noteworthy. At present in our country many orgeanizatione are engaged in

trhe development of different applications of the method of Packard and Varian.

t) Method of Continuous Observation of the Nuclear-Resonance
Signal in the Terrestrial Field

. . L .
B S «.«M.T;- A o b s oW

lne most important aeficiency of the method of Packard and Varian is the

_ necessity to polarize the sample again after every measurement., With a given

1 7 accuracy this leads to limitations of the speed of taking readings, which do not

1 ; always satisfy practical rcquirements {especially in eeromagnetometry). Theretore,
the development of contlauous methods of observation of the signal in weak magnetic

flelds is very desirable.

One such method was proposed in January cf 1957 by the author and ic based
_ on the principle of the nuclear-resonance generator with continucus polarization
i of the liquid sample flowing through the system [10]. The princiral diagrsm of the
- transducer of the nuclear-resonance generator [NRG] (APT) 1s shown ir :lig, 1., During
the flow of the sample {water) through the magnetizing (polarizing) coil H
nucle&ar magnetization 1', is established in the substance propnrticnal to the strong
fielid 4".7.# He. Then through a long thin tube BI' the water reepches the region in

which measurement of the field Ho should bLe prodace.u, Moreover, the speed of the

flow is selected as great enough so that the quantity N does nct become greatly
decreased, Since the field acting on the element of the volume of the sample at
any practically attainable speed of flow changes adiabatically, at point T vector M
is directed alcng the weak field IL. Further the sample flows between the two

coils Q¢ deflecting vector | (1.e., phasing the nuclear precession), which

create an alternating magnetic field of resonance frequency. With a correctly
gelected amplitude the fleld of the phasing colls overturns the nuclear

magnetization of an angle of the order of 90°, exactly as this takes place in the

method of the spin echo (for greater detail see below)., The anpearing srec~ssiou,

zraiually fasding, continucs during motlion through the receiving coil [, which
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causes the lnduction in it of a
continuous signal. The power supply
of the phasing colls can be carried
out from an independent external

source (operation in narrow-band

nuc lear-resonance filter made),

Fig. 1, Diagram of transducer of the

nuclear=-resonance generator. Sample However, continuous observation

{water) flows from left to right. H - :
magnetizing coll, HX — 1ts compensating requires automatic fine tuning of ‘
windings, — phasing coils, [ —

recelving coil, TIK — its compensating the frequency of the phasing signal
windings. The long tube connecting !
points B and ' 18 not shown on the figure. with a high degree of accuracy, It

Below the distribution of the constant

magnetic field along the axis of the i1s more convenient to use for this ;
device is shown; the character of the ?
vector movement of nuclear magnetization purpose the signal appearing in the

is thown on the exis of the maln figure.
receiving coil, after its amplification

up to the corresponding magnitude (operation in NRG mode), whica ensures automstic
tracking of the level of the measured field without any additional devices. In the
latter case the narrow-band nuclear-resonsnce filter 1s essentially included in
the feedback circuit of the amplifier. If we select the position of the phasing
coils in such a way that their direct induction on the receiving coil i; as small

as possible, the feedback closes practically only through the nuclear precession

in the flowing water,

In first experimental model of the instrument the flow rate of the water was
100 cm3/sec, H* = 400 gs, the volume inside the magnetizing coil was in 350 cmj,
and that inside the receiving coil was 400 cmj. As operaticnal experience with a
model and subsequent calculations showed, the dimensions of the system can be
ronsiderably decreased,

Compensation of the field H' at the location of the receiving coil is carried
out by the three windings HK, connected in series with the magnetizing coil. They
are caiculated in such a way that the field in the center 1s weakened Y not more
than 20%, but the dipole and octupole moments of the system as a whole are made equal
to> zeroe, Tnasmuch as multipoles of even orders are absent in virtue of symmetry,
the first uncompensated moment 1s 32-pole with use of the simple system of such

adjuetment it proved to be possible to lower the fleld Hi at a distance of 150 cm

rrom the center of the magnetizing coil to 0.5 v,




méwkué;:

+ s i e

The receiving coll possesses analogous system of compensating coile (IIK).

During tests the generator operated quite stably; the signal-to-nolse ratio
reached 20, When the feedback circuit was closed there was observed a characteristic
process of self-excitation {mild regime)., Since, however, the effective of the
nuclear-resonance filter is very high (of the order of 10“) the establishment of
the amplitude takes gevera. seconds, i.e., it occurs incomparably slower than in
the usual radio-frequency generator, A second cause of the slowress of the
gstablishment of amplitude is the fact that the flowing water creates something
like a delay line, included in the feedback circuit., Regarding, however, the

frequency of the signal, as qualitative experiments showed, it follows the

HE |

£ ' N .

change of field Ho practically instantly.

Fig. 2, Fig. 3.
Filg. 2. Outer view of model of nuclesar-rescnance generator,
Flg. 3. Photograph of an NRG signal obtained on a loop oscillograph in the nuclear-

resonance fiiter mode (speed of film 10 mm/sec), a) attenuated signal {method of
Packard and Varian) obtained in the same mode b),

AT
i
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Fig. 4. Turnipg off and connection of the
magnetizing field a); turning off and connection
of the phasing signal b). Speed of film 1C mm/sec.

The outer view of the NRG model 1s shown in Fig, 2. Figures 3 and 4 photogriphs
show of signals obtained with help of a lcop oscillograph in the process of

experiments with the instrument,




c) Other Continuous Methods of Observations Applicable
in Weak Fields

The above-described method was proposed and its development was begun in the
Laboratory of Magnetic Mlcrowave Spectroscopy of the Leningrad State University
at a time when in the literature there was a complete absence of any signs of
practically applicable methods of the continuous observation of the nuclear-resonance
béignal in such weak fields as the terrestrial fieid. Now, however, it is known that
several authors worked independently and almost simultaneously on this problem.

K. V. Vliadimirskiy [11] theoretically examined conditions of self-excitation
of nuclear precession in a sample preliminarily magnetized antiparallel to the
terrestrial field and placed in a coil of a sufficlenly good quality resonant
circuit. The Q and the magnetizing field H* had to be very high (at room temperature
in any case H*Q:>-10* gs). The author indicates that the generating cf a
stationary signasl is possible, if in a similar system the continuous replecement of
the sample 1s accomplished, Concrete variants of the realization of this system
are not considered in [11].

In the system of K. V. Vladimirskiy, if a solenoid, énd not a magnent, is used
for polarization of the sample (which is extremely desirable for reducing the
system's weight and also because of the need for very accurate compensation of M*
in the region in which tine measurement of the weak field 1s taken), fulfilment of
the ratio H*Q.-10* is very difficult., In any case, it appears necessary to obtain
2 maximum Q (most likely by means of the use of a regenerated receiving circuit),.

As a result, the range of values of the field in which generating of the signal is
possible without the fine tuning of this circull is narrowed; furthermore, the
measuring error caused by the inaccurate adjustment to the frequency of nuclear
precession greatly increases (see point "¢," § 2),

In the work, carried out under the leadership of G. D. Latyshev [12], a flowins
sample and preliminary polarization by a strong field are also used, but the system
does not use the principle of the nuclear-resonance generator (Fig. 5). In the
proposed variant of the method polarization is carried out with the help of an
¢lectromagnet 3, (the method of observation does not differ from the convenlional
method in strong magnetic fields). Measurement of the weak magnetic field H, is
preduced at point A, where an additicnal radlo-frequency field, created by an
external source, acts on the sample. In its action it 1s completely analogous to

the phasing field menticnec abtove: upon entering into resonance with the frequency
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of precession of the nuclel, vector M deviates from

)
A
the direction of EL end starts to precess, If the
1 amplitude of the radio-frequency field is selected
Fig. 5. Measurcment of a appropriately, deflection occurs at an angle of the
veak magnetic field per o
12]. order of 907, i.e., the longitudinsal component of M
@

turns into zero. Reg.rding, hcvever, the transverse {preceesing) component, then
it is inevitadbly disturhed in the region of the nonuniform magnetic fieid B (field

of ecattering 3,), since in the ronuniform field various elements of the volume cf

the sample precess with unequal speeds and fall out of phase. Thus, the onset of

resonarce in coll A leads to the destruction of nuclear magnetization, which cen be

1 | fixed lundirectly by the attenustion or disappesrance of the signal chscrved in 3.

The method described is of considereble intereet for magnetometry of weak

% flelds of great heterogeneity (measurement can be carried out in a small volume),

It is true, moreover, that a certain decrease in accuracy is inevitable, since a
decrease in the volume of coil A will reduce the time of the stay of an element of
the sample's volume in this coil and, correspondingly, will increase the width of

. the spectrum of the phasing signal,® Another interesting characteristic is the

| possibility of measuriné flelds considerably weaker than the terrestrial field.
However, for precision geomsgnetic measurements the method discussed is no%
convenient enough. First of all the system i1s more complicated than that in [10],
and the automatic tracking of frequency for the variable field is absent. Secondly,
any ‘nstrument mot based on the NRG orinciple requires modulation of the measured
tield for ihe periodic passage through the line circuit; with slow modulation the

cpred of the measurement will be considerahly lowered, and its acceleration is

inevitably ccnnected with appearance of extremely undesirasble transient processes
in the motion of tne vector of nuclear magnetization.

Finally, Abraham, Combri<=on, and Sclomon publishcd an extraordinarily
interesting work [13] in which one of the new varieties of the Overhauser method
of polarization of nucleil is used. As is known, the Overhauser effect can be
otserved in samples which are characterized still by uncompensated electron

i magnetism as well as nuclear (metals, paramagnetic sclutions, etc.). The essence

'The influence of the phasing field will be exami.:ed quantitatively below; it
will be shown that in the system developed by us the effective width of resonance is
, determined by the time of the stay of the element of volume in the receiving coil
| and nov in the phasing coll.
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of thls phenomenon consists of the fact that owing to the internal tond between the

electrons and nuclei the influence of an intense high-frequency fi:1d c¢n electron
magnetism ceuses a very strong polerization of the nuclei, many tim:- . -..3ing

the equilibrium value in the esame constant megnetic field., It is interesting to
note that in the case essential for us of paramagnetic 3olutions of small
concentration, the Overhauser effect causes ths agpearance of nuclear magnetization
oriented opposite the field. In the usual ("classical") effect, when f,~08 gs

the influence on electrons constitutes a saturation of electron resonance at ¢
frequency of about 1.4 Mc with a power from several watts and larger, depending on
how successfully the sample is selected. Moreover, it 1s possible to obtain nuclear
magnetization 200-300 times greater than equilibrium magnetization i.e., that type
which 1s obtained in #* fields of the order of 100-150 gs. Inasmuch as in the
method of Packard and Varian and also in {10] somewhat stronger polarizing fields
are usually used, the classical Overhauser effect in the terrestrial field does not
possess andy advantages with respect to the intensity of the signal., Its merit,
however, is the possibility of continuous polarization in the actual volume in which
the signal is observed, 1.e., in a motionless sample.

In work [13] another still more effective variant of the method is used in
which there is applied some paramagnetic substance, possessing a hyperfine structure
of electron resonance permitted at room temperature, In this case even during
complete absence of the external magnetic field influence on electrcns at a rather
high frequency 1s possible (quantum transitions between sublevels of the hyperfine
structure), The superposltion of M,~08 g8 acts very slightly, so that the
fequency of electron transitions can be conaidered independent of the field.

The sample in work [13] was a weak aqueous solution of the potassium salf of
disulfonate of peroxylamine K.NO(S0,), As a result of the electrolytic dissoclation

in the solution ions are present — free radicals of the following structure:

o

with one unsaturated valence for the nitrogen atom. The high-frequency field
saturated the transiton between the sublevels at ua frequency of 56 Mc (in the
zer> field, 847+08 Mc [1#]). The exact figures for the magnitude of nuclear

nagnetization are not cited, but from appraisal of the theoretical formulas the

conclusion can be made that values of ﬂ, 2000-3000 times greater than the
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equilibrium values are accessible.

Report [13] ie dedicated, basically, to the observation of the line contour
on the screer. of the oscillograph with help of the modulation method, widespread
in strong flelds., In the samplie with a volume of 100 cm3 a very good signal-to-noise
ratio is obtained, However, for o.r purpcses the modulation method, as was already
indicated, is unsuitable,

The article also contains a very brief indication of the fact that with an
increase in Q (regenerated circuit) operation of the system in the NRG mode was
observed., Inasmuch as the initial magnetization was antiparallel to the fleld,
this variant is very close to the diagram of Vladimirskiy, but without the necessity
of a continuous replacement of the sample. Possessing many essential merits, it
also is connected with neceessity of very exact fine tuning of the receivinc ~lircuit
during changes of Ho. We should also mention deficienclies common for all methods
based on the Overhauser effect: a) a certain complication of the radic-frequency
eircult, making it necessary to have an additional high-frequency generator of
considerable power, and b) the broadening (by at least 2-3 times) of the line of
nuclear resonance, owing to the presence of paramagnetic material.

The advantages of Overhauser polarigation, neveitheless, are so considerable
that, this method will be used in the future (we have in mind not a concrete variant
{13} tut all the region as a whole). However, d.sulfonate of peroxylamine in
ayueous colutions is chemically unstable, being half decomposed in several minutes
f15}. Although the use of buffer solutions delays decomposition [15] and in
golution: ¢f wodium carbonate the substance exists for up to several days (16],
reverth=lsas the chemical stebility of this substance cannot be considered
sat!~factory for ore~tical applications. At the same time, until now not one
reniacirg subetance which possessed at least approximately the same effectiveness
of Oveshwiiger pularization in weak fields has beern known., Probably, such oblects
will be found. However, if we were to ~onsider that they have exlremely unique =rnu

partially contradictory requirements,’ it is very difficult to forecast when thic

'4e should coneider, in particular, the necessity to have a very narrow iin: of
m.ecirun resonance, since otherwise {ts saturation will demand considerable power,
sdarrow lines and simultaneously a hyperfine structure are possessed only by certsnirn
2 bstances of the class of free radicals, which by their very nature are usually
chealcally active compounds.




probiem will be satisfactorily solved,®

Summing up what has been said, from our point of view, we should come to the
~onclusion that the development of high-speed magnetometric instruments on the
basis of the NRG diagram, proposed in [10], is at present still urgent. Moreover,
we should consider that many elements of such development (especially, of course,
the measuring circuit of frequency and the recording part) will remain the same
even when subsequently Overhauser polarizaticn will de used in a certain concrete

’

variant of the instrument.

§ 2. General Theo of the Nuzlear-Resonance Jeasrator
w*fﬁ ?Iowfﬁi Weter

a) Processes in Magnetizing end Phasing Coils

A quanti.ative description of the processes of magnetization (polariszation)
of a rlowing sempie in a ...iiw.. magnetic fileld 1s not difficult, As it 1s well
known, the establishment of magnetization 1s described by the following differential

equation:
,_%--’5,5. (2)

where Mz is the nuclear magnetization (magnetic moment of a unit volume of the
sample caused by the predominant orientation of nuclear magnetic dipoles); index

z indicates the fact that vector M 1s directed at each moment of time along the
effective fileld '—R-{-».’ MyuesXH 18 the magnitude of nuclear magnetization
which 1s equilibrium at a given value of the fleld H, 1 is the nuclear magnetic
susceptibility, which is expressed by the known Curie formula; for water it is equai
to 5.%~10°10, which is almost the maximum value among all substances at room
temperature (for greater detail see [5]). Ty is the time of longitudinsl

relaxation, which is an important charscteristic of the sample; for water without

*In the present bvrief survey we do not touch upon investigations carried out
in medium cr strong flelds but which represent a certain indirect interest for
metheds of magnetometry of the terrestrial field. Certain works on the Cverhauser
effect in flelds stronger than terrestrial sre also not msntioned,

21t 1s simple to show that in real conditions of the operstion of the instrument
this indeed takes place {at least, in a good approximation). Murthermore, if even
withir separate small elements of the volume component existed in plane xy, 1t
wculd not play any role; field # {s too nonuniform for these compinents to be in
the same phase for the whole sample.
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dissolved oxygen '3’1 = 3.6 3ec; the presencs of paramagnetic molecules noticeably
reduces T,.

7or the considered element of volume the juantity H will be a function of time
{owing to its displacemsnt frow one point to another)., It is convenient to rewrite
the differential equation (2) in the following form:

Lo )= rn (3)

If we were Lo coneider that the magnetizing fileld sterts to act at moment

t = 0, vhere magnetization at this instant is equal to Nz(O), the solution to

..’...m..uu-i P, '

equation {3) can he  ritten in the following way:

-l.ﬁ'-[l.ﬂi; ! nmf-«‘-‘ : (4)

(see, for instance, Bronshteyn and Semendyayev, "Handbook on mathematics,”
rirst edition, p. ¥04), Punction H(t), can be calculated in form of a table, if
the distridbution of the magnetic field along the axis of the polarizing coil and
speed of flow of the sample are known (ceriainly, this operation bears an

approximate character, but attempts at further, more precise definition are hardly
Justified, since they require computations of turbulence). After this formula (4)
~an be used for numerical calculations.

In most cases, however, we can limit ourselves to a more rough approximatiorn,
disregarding quantity N (0) and assigning H(t) in the form of N(f)=M* when 0K!<
and M(N=m0 cutside this interval (4§ is the time of flow through the polarizing
2011, AP is the mean value of the field in this coil). Then magnitude of nuclear

s, b st s <14

magnetization at the moment of exit fiom the strong field 1s expressed by the
following simple formula:

&N-ﬂ'[l-c.;‘l. (5:

which is very easily obtained, directly from (2) when M. = const in the interval
( Z4Z 4N

Let us now consider the movement of the sample through the tube connecting
the reg.on of wmagnetization with the region of the phasing field. Although the
sTesence of the systea of compensstional windings (HK in Pig. 1) leads tc a very
fast decrease of the field in this part of space, nevertheless the transition
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from ﬂ.-{-ﬁ' to I?. during practically realizadle speeds of flow will occur after a
time interval of 0.1 sec or more. Sucb s >»ange of ﬂ is sufficiently siow so that
vector M remains at each moment of time parallel to the 7ield.’ The decrease of the
magnitude of vector r (process of demagnetization) is deacribed as defore by
differential equation (2) with new, considerably smaller values of M,(t). 1In
connection with this the dependence of Mz on time 1s =xpressed by the gensrsl
formula, analogous to (4) and formally coinciding with (4) if we were tc put < =0,
{.e,, count Ooff the time from the moment of exit from the strong field,

. .
u.mu—-{n.m-r},{ H@P)e " c]o w (6)

The quantity H(t') in this formula is a function quickly decreasing to HO.

In a more rough spproximation we may assume that when €>¢x, the effective field
{s already much less than that inside the magnetizing coil. ¥ith this M€ M, (0
(inasmuch as Mz still retains large values!), so that in (2) quantity N, can be
disregarded, Then instead of (6) we have

n.a-u.mi:* . (7

In the phasing coil, as a result of the influence of the radio-frequency fleld,
vector M deviates from the direction of the axis g (i.e., from E). The
longitudinal component, as t2fore, decreases according to the law (2), and for the

transverse component we can write

P=-%- (8)
xhere l.—ym and T, 1s the time of the transverse relaxation. Inasmsuch as,
however, M  and M, in reality are functions of time not only &8s a result of proceszes
of relaxation, dut also owing to the continuing influence of ti.e rsdio-frequency
field, the analysis of the motion of the wector of nuclear magnetization in the
phasing coil requires, in general, solution of equations af Bloch, We will not

examine these sclutions, since frow practical considerations it turns out to b>»

lyith certain simplifying assumptions this is easy to show with help of known
equations of Bloch. But this is not necessary, since from experimsnts by the method

of Packard and Varian it is well-known that the “breaking sway" of vector ¥ from
the direction of the field occurs only when A will be turned off in spproximetely
1C't sec or faster.
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expedient to select the time of flow through the plazing field as €% T,. With

this the relaxation processes in the first approximation can be disregarded. Then,
as this follows from further text of the present section, the influence of the
radio-frequency signal chenges the orientation of the vector of nuclear magnetization
but does not affect its length. 1In the following approximation we can consider the
small relsxation effects in accordance with (2) and (8), disregarding the distinction
of Ti and Ta, which in a sufficiently uniform field of Ho is considerably smsall.

If, furthermore, we repisve O by M,, as 18 doen in the derivation of (7) then (2)

and (8) becomes identical., Hence, 1t directly follows that the absolutely

analogous differential equation

&=--% (9)
takes place for the change of the length of the vector M-lfm . Inasmuch as
the radio-frequency field does not affect the quantity M, equation (9), unlike (2)
and (8), remains in force for the phasing coil.

Since the solution to (9) has a form completely analogous to (7), in the
considered approximation we arrive at a very simple result: the magnitude of

nuclear magnetization continues to change according to the law (7) and at the moment
cof entry into the receiving coil is equal to

< o
. ¥

Min oty damMse (10)
where by %, ¢ and « we designate the time of flow through the connecting tube, the
region of the phasing fleld, and the second (short) piece of connecting tube
respectively,

Now we 2an turn tc the study of the influence of the phasing radlo~frequency
field, disregarding, as was already stated, the relaxation processes. In order to
write the equaticn of the motion of the vecotr of nuclear megnetization, let us
cemember that besides the magnetic moment :, each nucleus possesses spin ;(spin
angular momentumj. The quantity 18-5-, called gyromagnetic ratio, was already

found in (1). The vector of nuclear magnetization i1s obviously expressed as follows:

l-x;.. (11)

For 1>@ (as in the case of protons) vectors ;. and ;; are parallel to each other.

It follows from this that the macroscopic vector M 1is connected with spin B
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corresponding to it:

3-2}‘,-2{2-%3 (12)

(the summation (11) and (12) extends to all nucleil per unit volume of the sample),

Whereas the moticn of a separate nucleus is described by quantume-mechanical

N
e+ e o i oA A A - 'y

formulas, the macroscopic vector ? satisfys the usual equavicns of motion of

classical mechanica. According to the second law of Newton, we will equate the

change of angular momentum to the moment of acting force . ;
-ty
F=(7xH (13)

or, finally,

8 mxH (1%)

In these expressions under # 1s understood the totality of all the constant or

alternating magnetic fields acting on sample.?!
In particular, if MymM,s=comst, H,=H,=0, the absolutely elementary solution |
to (14) gives :

u,:u;eu(rfl{’j-l (15) - F

where M,=Msa® and M;=Mcwed (Fig. 6). Angle ¥ and phase ¥ are determined by the

initial conditions of motion. When M,=0 (magnetization directed along the field)

vector M rests, although its component magnetic moments of separate nuclei

g e s

continue, of course, to precess, This case corresponds completely to the random
phases of the motion of separate nuclei, so that components of ;, in plane xy ? \
destroy one another; this very point was considered in the first half of the section. ;

When My, 840 the formulas of (15) describe the simple precession of nuclear e

magnetization in the presence of only the constant field ﬂ.. In reality the
precessing component M, gradually decreases {with the characteristic time Tg), as
was mentioned in the description of the method of Packard and Varian; however, our

consideration is limited by the interval of time 4 ¥y and does not concider the

'From (14) the above-mentioned invariability of the length of vector & directly
follows (if we disregsrd relaxation), since in eny external fi2lds o) &
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relaxation proceases, In this czoce (2+{) the phases or motion of separate nucleil are

partially ordered, and a decrease in M, indicates a gradually occurring disphasing.
Therefore 'I‘2 sometimes is called, the iime of the epin phase memory. From (15)
it follows that the frequency of precession Y is equal to e}.-H.. The 1little
difference from the more accurate formula (1) 18 due to the fact that here we
disregarded the insignificont difference between HO and the field actually effective
on the nuclei.
After these preliminary remarks we can turn to the
more complicated case of the simultaneous actlion of the
constant and alternating magnetic field, Inasmuch as the

' conslderation is produced most clearly of all in a

Pig. 6. Precession

of  in the constant
external field, The transformation of (14) to revelving coordinates, namely,

case of the positive
(fi-dix@x%ﬂ, (16)

gyromagnetic ratto,
where : is the vector of the angular velocity of the considered coordinate system

revolving coordinate system, it is necessary to use the

with respect to the motionless (inertial) coordinates, and index r indicates that
the derivative ia calculated in the revolving systenm,

The graphic meaning of equality (16) consists in the fact that during the use
of the revolving coordinates it 1s possible to preserve the equation of motic.. in
the form of (14) and, consequently, also all derivations from it, if to the
totality of effective fields of H we add the fictitious field %— For instance,
for the above-considered simple case »-ﬁ, the introduction of the coordinate system
xvy, rotating around direction z', leads to the replacement of H, by ﬂ,.-——:- (see
Fig. 7 when M=0), In particular, if we vere to select emey==y¥, , then in the
revelving system the magnetic ficld is absent and (%)'-o . It 1s not difficult
to see that this corresponds to the rotation of coordinates in the direction of
precession and with the very same anguler velocity, so that in the zysiem X'y’ the
vector of nuclear magnetization 1s indeed at rest,

Let us introduce still motionless coordinates xyz, and we will consider that
axis z, like z', coincides with the direction of the constant fileld A, (Fig. 7).
et us assume that the variable phasing field oscillates along the axis, and its
semjamplitude is designated by Hi Then the totality of the magnetic fields

acting on vector M in a motionless coordinate system will be written as follows:
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We separate the fluctuating field into two revolving fields
in plane xy in opposite directions:

=M, coset, cot at
‘ [ idf x4 (18a) o - (180)
Fig. 7. Vector ‘”'-”J' '
¥ in a rotatin
sysﬁem 01? & and disregard the influence of the component (18b) revolving
coordinates,

in a direction opposite to the precession of vector ﬁ. The
possibility of such disregard will be validated dbelow. Now it is possible to
convert the totality,of the fields (18a) to the revelving system of coordinates,
axls x' of which 1s directed along vector ﬂ. (Fig. 7). Thus, we select coordinates
rotating with a frequency of the phasing signal. The effective field along axis z'

is now equal to

WMy (19)
and is a measure of the detuning of the phasing signal with respect to the
resonance of the frequency.

It is interesting to note that in coordinates &Y% only the constant field
H.+3, acts on vector ﬂo, 80 that the motion of M bears a character of simple
precession. If, as usually, #,€ M, and the detuning is small, the angular velocity
of thls precession ﬂﬁ.+lﬁ| is much smaller than the speed of rotation of the
whole plcture of Fig. 7 together with the primed coordinate system. Thls means that
in fixed coordinates the motion of M o8 before constitutes precession, but with
a gradually variable apex angle of the cone (nutation).

Especially simple is the case of exact coincidence of the frequency of the
phasing signal with the resonance frequency @W=m0). Vector M revolves uniformly
in plane z'y' with an angular velccity of Hi Passing to the fixed coordinates,
we find that the radio-frequency field in resonance excites precession of nuclear
magnetization with a frequency .--.-*n. . During the first half-period of
nutation angle # between ﬂ and z changes according to the law

Myt == (20)

and in phase the vector A w1l lag 90° behind the rotating component H, . In the
second half-period Omfw— M, ¢t—< —%) , during which precession leads Hy 90°, etc.
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However only the first half-period is of practical value. From the point of view
of obtaining the largest amplitude of the signal in the receiving coil, it is
desirable to have &~80°, i,e., to select the time of flov through the phasing
field equal to a Quarter of the period of nutation:

Wy =gy (21)
Lot us now turn to the case of inaccurate tuning to resonance, As can be seen from
Fig. 7, the character of nutation changes in such a way that the value $ = 180°
is not attained. ¢ = 90° can be obtained during not too large detunings @M< M)
Vector " emerges from plane z!y', so that as compared to the case of exact
resonance additional phase shift 'b is accumulated the sign of which depends on the
sign of detuning.' The obtaining of quantitative expressions for M, (or $) and P,
as functions of time is now reduced to elementary trigonometric computations, which

need not be reproduced here. Since the expressions in general turn out to be

comewhat bulky, we limit curselves to only small detunings of (W M)

omaspste foinp — e (1 —unﬁ)’q-...}.

- ﬁ-.}.ﬁ)‘q.} ' (22)

hwvm-m(t-o--}ﬁ-)'-g-...]m-n-o.

Angle 9, in these formulas is counted off frou axis y 1in the direction of
precession,

From the above, it follows that during large detunings the radio-frequency
field ’l renders on A only a rapldly varying effect with an insignificant angular
amplitude, which when &M is so small that it cannot cause any observed effects,
It is for this reason thast we disregarded above the effect of the component (18b)
revolving to tie opposite side,

b) Processes in the Receiving Coil. Operation of the
System in the Mode of a Narrow-Band
Narrow-Band Nuclear Resonance
Filter

Precession of the vector of nuclear magnetization continues after emergence of

the volume clement from the phasing field. The magnitude of the longitudinal

iThis phase shift, in genersl, is undesirable, since it can cause an additional
measuring error during operation of the system in a& nonuniform field (see § 2,
part c¢). For this reason, and also to decrease demsgnetization, an increase in Hy

leading to the reduction of the tiwme of stey in the phasing field, 1s desirable,
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component (Mz) will no longer be of interest to us, since it does not affect the
signal induced in receiving coll. Moreover, we leave aside the phenomenon of
reaction of circuit (see {5]), inasmuch as in the operation of the NRG based on
the described principle it plays a secondary role,

After the interval of time v, after flowing from the phasing field, the
considered element of the sample enters the receiving coil and starts to participate
in the formation of & useful signal., The time of the stay in this part of the
system is great enough so that attenuation of the precessing component M, will

appear:

e (23)

MMttt .

Inasmuch as the frame of time reference accepted thus far; £a can be seen from
(23), starts leading to awkward expressions, we will subsequently use time ;,

counted off from the moment of exit from the phasing fleld:

fmt =ttt (24)

after which (23) takes a more simple form:

PR R (25)
or
M () er. e % (253

Continuing the examination of precession with the help of the rotating
coordinate system introduced in point "a," § 2, we, as before, will read off the
phase angle Q(E)from axis y'. For the case of a uniform field Ho, having the same
magnitude in both :he phasing field and the receiving coil,

o), 4017, (26)

where the second component describes the phase, incoming in connection with the

lThe form of notation (25') 1s based on the fact thet in the interval 0<ice M,
decreases with the same characteristic time Ta as later on (inside the receiving
coil). Theredby formula (10), where we disregarded the distinction of T, from Ty,
is defined somewhat more accurately. Usually s, 1is sc small that this distinction

is immaterial; however, we will return again to the discussion of the construction
with a large -
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difference of angular velocity of free precession of vectoer M from the speed of
rotation of the coordinate system (connected, as was already indicated, with the
frequancy of the phasing signal). If, however, heterogeneity of the field takes
place, then H, for the moving volume element becomes a function of time, and (26)
is replaced dy

o(i)-o.hj'w.(?)d‘t'. (27)

where “om""'m-%'-

Expressions (26) or (27) allow making the foilcwing conclusion, which is very
significant for a correct understanding of processes in systems with a flowing
sample: although the precession of vector A in every moving volume element occurs

with the natural frequency e(f)mM,(f), the emr induced in receiving coil in
steady-state operation of the system has the sawe frequency w» as the phasing signal.

In order to prove this property, paradoxical at first sigh. we will examine
a certain motionless volume element located at point A inside the receiving coll,
0" /lously, it is characterized ty the constant interval of time 4, which is
required, so that the moving particle of the sample, having come from the phasing
field, will reach point A.! But this means that the phase shift of precession 9(74)
is constant, Thus, at a fixed point (this means not connected with any defined
particle of the sample) component ..,- maintains a constant direction in the system
x'y'z'. i,e., it revolves together with the system with a frequency wn, Inasmuch as
by A we can imply any point inside the receiving coil, the result formulated above
can be considered proven,

The conclusion at which we arrived does not contradict the presence of
free preceasion with the frequency y for each volume element of the flowing sample.
The possibility of such a distinction of frequencies is due to the fact that at a

given moment of time different elements of the volume precess with unequal initial

phases oli), since i for them 1s different (an exception 1s only the case of a
uniform fileld with tuning to resonance, when » and 2y coincide), Inasmuch as the
rhase relationships in the system with a flowing sample present certain difficulties

for understanding, it is worthwhile to turn tc the clearest model possessing the

 puring the turdbulent flow this affirmation is true only on the average.
‘jowever, all further conclusions, as it is easy to see, remain in force if the
total speed of the flow of sample through the system remains constant.
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on which clocks are assembled (Fig. 8).

For simplicity on every dial only one hand is

represented (for instance, the second hand).

:q Essentially the figure for the nuclear~
' resonance generator would look exactly the

same, with the only exception being in this
Fig. 8. Phase relationships in a

nuclear-resonance genersator with case the length of the hand (i.e., the
flowing water, illustrated on a

model, a) speed of clock movement magnitude of M,) would gradually decrease
on the conveyer 1s equal the

speed of the movement of the in accordance with (25) in proportion to
standard clocks {analogy with the

case of an exact adgustment to movement from lefi to right (see Fig. 1),
resonance, w=e); b) speed of the

clock movement on the conveyer 1is The influence of the phasing field is
greater than the speed of movement

of the standard clocks (analogy simuiated here by the fact that at point @

with the case wes),
every clock on the conveyer is set to the

standard clocks 3. The clocks én the conveyer are assumed identical, but theilr
rate of movement can be both equal (case a, corresponding to coincidence of » and
mo) and unequal (case b, illustrating deviation from exact resonance) to the speed
of the rate of the clocks,

In the first case, as it is easy to see, all hands are parallel (since all the
clocks show the same exact time). In the second case, the error increases in
proportion to the distance from point . However, at any fixed point (for instance,
at the operating place designated A), this error is constant and is determined only
by the error of the rate of-the clocks on the conveyer and the time of its movement
from § to A. Therefore, from the point of view of the operator at A, the clocks
have a correct rate of movement, although they show the time with some error. The
fact that in reality the clocks are fast i{s compensated by the replacement of
clocks a by clocks a”. which somewhat lag behind a', ete,

Figure 8 allows the making of one more gualitative conclusions: the maximum
magnitude of the signal induced in the recelving coll takes place during exact
resonance (4 w0; Fig. 8a), since in just this case the influences of all volume
elements coincide in phase and accumulate, In proportion to the detuning of the
frequency of the phasing signal the amplitude of oscillations in the receiving coil
should drop (in a limit up to zero), even if the quantity M, by some method is

maintained constant. Thus, not only actual phasing (see point "&," § 2), but
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also the transmission of the signal into, the
receiving coil, has a resonance character,
and, at least for the established conditions
we are completely Justified in saying that

the system operates in the mode of a narrow-

rig. 9. Schematic representation band nuclear-resonance filter.

of the flow of 1liquid inside the

receiving coil. 000 — locus of In order to obtain amplitude-frequency
points for which the mesan value of

time 7 (1.e., time necessary for a and phase-frequency characteristice of this
:m ;w&“mf? s * :IQJ:;t filter, it is sufficient to formulate
attain a given pointﬁs equal to

N - mathematically the above-mentioned -
a3 the mean value of ¢ is
designated by (). X - the same qualitative considerations. The volume

for jes. Turbulence leads to a elemsnt, located at a certain point A, is

certain scattering of instantaneous

values of 7, which is conditionally
shown by shading. greater value #a the further "downstream™ it

characterized, generally speaking, by a

is located., Therefors, time ] in s known sense can be considered as the longitudinal
coordinate of & point in the receiving coil, although in reality the dependence of
the speed of flow on transverse coordinates, and also turbulence, introduce certain
somplications (Pig. 9).

Thus for we have traced the changes of the vector Air a separate volume element
of the sample in proportion to its motion through system. However, the signal in
the receiving coil is the result of the simultaneous influence of many elements of
the volume, which are charscterized at the same moment by different values of f in
she interval from & to &4%. Therefore, it becomes necessary to introduce alsc
the flow time { common for the whole system,

Let us consider the totality dV, of volume elements for which t lies in the
interval from & to &-&f (see Pig. 9). Evidently the signal gulded by them can b

written as
‘ﬂ-‘wﬁ. ‘U” l""'(‘.l)l‘vu {8}

where ‘V.-“ (¢ is the sample fiow rate in cn’/uc). and coefficlent AG.’ depends
on properties of the receiving coil and alsoc on the position of the examined volume

element inside the coll (more accurately only on coordinates of #, since {t is
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assumed that within dV, averaging is realized).’ The form of notation of (28)

remains valid in the presence of turbulence, but then A(;.) must considered, average

all over the possible scattering of positions of points taking place when % = ?1.
Considering (25) and producing s summation of influences from separate parts

cf the sample, we obtain the expression for the signal induced in the receiving
coll:

<
[}

Q=M. 0 I AlD)o T oo bz 49 ()] 4. (29)
. '0

where '(;) is expressed from (27). The obtained formulas in principal allow

determining the zmplitude and phase of the signal by numerical methods; howcver,

calculations will inevitably appear difficult, since finding A(;, requires detailed

information on the distribution of speeds of flow inside the receiving coil {(of

course it 1s especially difficult to consider turbdulence). Therefore, in the

same way thet it was repeatedly done above, we turn to a somewhat rougher

approximation, although quite sufficient for our purpose, which will allow

continuing calculation in the general form., For this we will replace A‘;’ by its

mean value over the whole volume (1.e., along t from  to v+ ); furthermore,

we will consider the fieid HC uniform, enabling us o express v(;} by the simple

formula (26). We obtain
'.Q" :
my'w.m;ﬁ) I a"-e.[-i-{-h-?-f-p.". (3Q)
" .

Calculation of integral (30) after a ser’es of transforsations gives:

S = B (Wnjoms [ + OB}, (31)

whe e

| m-mnmp% Vi Lt 1 (32

‘It 1is possible to show that al?) 14 proportionai to the average (oOver volume
d'.‘l‘ fileld strengtn, wilch would create unit current flowing in the receiving cull,

We will not need the explicit fors of Au) since we will not derive formulas for the
atsolute intensity of the signajl,
Strictly speaking, the last factor in (28) should have been writter in the for:

—Lw(&)&lﬂn , where ¥ is the phacte shift batween precession and the inducsd
signal, In turn depending <n the coordiriates cf the volume plement, However. for
the region inside the recelving coil the indicated dependence is smil, and it cen
te completely disregarded, Then # = const, and b; the corrss~unding selection of
the referen~e pcint of time & 1t i3 puseible to BELiSfy conditii. + « O, 88 & rosult
of which (28) s obtained.
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Expression (32) and (33) are the sought characteristics {amplitude-frequency and
phase-frequency, respectively) which descridbe properties of the system during its
operation the narrow-band nuclear-resonance filter mode. In general, A, (0) and %
in turn are functions of i {or Ul-*) in accordance with (22). However, in the
usual structures of the volume of the sample occurring in a phasing field, many are
less than the internal volume of the receiving coil (1.e., ty€ty,). This requires
comparatively large K, and from (22) it 1s easy to see that the dependence of M, (0)
and % on W becomes immaterial. In limit

-l

. (3%)

Ve can say, moreover that in virtus of the brevity of the time of stay of the
sanple in the phasing field, the process of phasing possesses a considerably wider

frequency response curve than the subsequent transmission of the signal into the
receiving colil.

Fig. 10, Amplitude-frequency reaponse curves
of the nuclear-resonance filter,

e <=

Respanse curves (32} and {3)) sre presented graphicslly in Pigs. 10 arnd 11 for
five different vaiues of * . They clesrly fllustrate the brosdening of the

rezacarce curve (and, corres, ndingly, the decrease of the slope of the phase

-Ra.
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response) in proportion to the reduction of the time of stay s of the volume
element in the receiving coil. It should be noted that here as ususl, the resonance
curve for transmission through the system of the external (inducing) signal coincides
with the envelope of the spectrum of corresponding free process; the latter in this
case is the segmant of the damped sinusoid {resonance frequency) included in the
interval from fes to fmu+%. In particular, when *)l the damping of precession
inside the receiving coil is almost complete, aad the envelope of the spectrum tends
toward the usuel Lorentz circuit, This circumstance is easily established slso

fcr the resonance curve (32), since the last cofactor (radical) in this expression,
becomes unity when -}.-».. The Lorentz circuit and the phase response corresponding
to it are shown, as limiting cases, on Figures 10 and 11, On the other hand, it is

possible to show that during immaterial damping (*(I) a tranaition takes place to
the spectrum of a square pulse with sinusoidal filling.

o
e
V]
re
&Y
(/‘

Fig. 11. Phase-frequency response curves of
the nuclear-rescnance filter with 3 moving
sample. Along the axis of ordinates function

{32} 1u plotted for the case q=+ and -0

From . 3%) it airectly follows that @hwew. If, furtherwore, condition (3%)
i{s fulfilird, GOm0, ¥We can say that the reference point of time 7 accepted by us

{5 52 selected that the phase of the signal 1a measured from its value in the
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shesnce of detw:ing.

In conclusion let us discuss the dependence between the amplitudes of signals
at the imput and at the output of system., If we were to change the amplitude of the
phesing action, lesaving the remaining parameters of the system constant, then M, (0)
will change in accordence witn {22) or (34), On the other hand, the signal in the
receiving'coil depends lirnearly on M (6h Thua, in the considered case the amplitude
characteristic of the filter essentially coincides with (34). With small H, it can
be considered lirnesr. With an increase in the amplitude of the signal nonlinearity
described by the sine law appearz at the input

¢) Operation in the Nuclear-Resonance
Generator Mode

The case of the closing of the feedback circuit by means of supplying to the
phasing coils an enplified signal of -free nuclear induction represents the greatest
practical interest, However, there 18 no need to discuss it much, since properties
of the self-oscillation aystem are easily derived from characteristics of the
nuc lesr-resonance filter, connected in the feedback circuit, vnd these
characteristics have already been derived by us in the preceding point.

Let us first of all discuss the question of self-excitation of the system.

The well-known condition according to which the sum of the phase shifts of the
signal during the bypass along tne feedback coll should be an integral multiple of
or

’H‘*z"‘")'o' 2, (35)
s

can be satisfied by the corresponding fine adjustment of the phase inverter connocted
inciuded detween the amplifier and the phasing colls, For typical designs of the
nuc lear-resonance filter the transmission factor is of the order of 10-21074,

Thus, fov the appearance of natural oscillations 1t is sufricient tn ensure an
smplification factor of the order of several thousand. Inasmuch as the amplitude
characteristic (34) has the greatest steepness near H; = O, we should expect mild
conditions of self-excitation., As was already mentiored, just such conditicns hsv
been observed in practice, With an increase in feedback the increase in the
amplitude of osciilatlions is limited by nonlinesrity, it is interesting to note that
ir thic case the nonlinearity is caused not by properties of tube, but by the
condition AMeecomst, M, <M in the phasing process, The limiting amplitude is
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attained with a feedbazk at which H1 becomes equal to 1#%;. A further increase of

the amplification factor in the considered closed circuit, as the experiment shows,
leads to unstabie conditions reminiscent of pulse generation. No theoretical
analysis of this cese has thus far been produced.

The very high slope of the phase-frequency response curve of the nuclear-
resonance filter lzads, in sccordance with (35), to the effect of the stabilization
of the frequency of the generator by the resonance frequency, i.e., to the automatic
tracking of the level of the measured field mentioned in point "b," § 1. This
effect 1s absolutely anslogous t{ the stabilization of the frequency with the
help of a quartz, and also %o processes in different types of molecular generators,
Like all such devices, the nuclear-resonance generator is characterized by which
coincidence between the gererated and natural frequencies although very good, is
still not absolute: equality (35) in general, is satisfied at a » different form By

In view of the paramount impcrtance of this problem_for the determination
of the real accuracy of measurement of magnetic fields by the method considered it
is necessary to dwell on it in greater detail. For this let us separate from the
sum in (35) the phase response of the receiving circuit possess a négligible

frequency dependence of the phase shift introduced by them:

, x‘b{@)% Ta(ec—')“f'g‘?h (36)

where GO is the resonance frequency of circuit, 13nn§f its time constant, and Q
its quality.1

It is expedient to select the adjustment of the shove-mentioned phase inverter
in such a way that gtw will prove to be close to zero (e phase which is a multiple
of &r 1s of no practical interest, and we subsequently will omit it), At the same
time, for the purpose of the preservarion of generality of conclusion, the exact

equality of this sum tc¢ zero will not be assumed, Taking into account, furthermore,

“'Let us note that sufficiently well-known expression used here for the phase
response of the oscillation circuit can also be obtained by means of analogy from
the above-mentioned results, For this it 1s necessary in (33) to turn to the

Lorentz circuit (e =0, =0 wfh-w) and to replace T, by Ty-

The expression ety Tt—e) pertaings to the phase shift of the current in the
receiving coil with respect to external emf, The signal picked up ln parallel tc
the osclliation circuit, of course, in turn will be out of phase, However, we
corsider that this circumstance, like other constant shifts, is allowed for in

;"w

-57-




(33) anda (22), condition (35) can be written in the explicit form

%—,m-ﬂ(-.—%mr. (e} -
.*. (37)
—omg + o T o= Fon
- Do~

™is equality can be considered as the equation for determining the generated
grogquency ». In the most practi~ally important case of small detuning (i.e.,
within the linear section of the steepest of the participating phase responses)
instead of (37) we have

[J’m+%+i’.—-¥-—t o —u+ (38

R L L Ll T
whence
S {ﬁmp—e :
omay+4- - . -

> 39
SRR vivn- T >
| BT *

Let us note that during the construction of a more complete theory we should

consider also the possibility of direct induction from the phasing colls to the
receiving coll combined with the useful signal, which, in general, will lead to
the appearance of one more cause of the frequency-dependent phase shift, A
preliminary consideration of this question showed, however, that with small ®(e)
direct induction changéa basically the amplitude of the signal, but not its phase,
Thua, formula (39) remains valid, although the limits of its applicability will
demand, perhaps, & more precise definition.

Summing up, we can say that the condition of generation of the signal exactly

with the resonance freguency is
Font @ —e)=0. (40)

In particular, if x&,,-c, the receiving circuit should be exactly tuned to the

regonance frequency.

It should be considered, that Lo changes continuously together with the measurcd

field, for which (40) cannot be satisfied once and for all., In order to clarify

the possible magnitude of the appearing error, it is expedlent to consider a typical

-5
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numerical example, Let us assume that By and R,~135.1C° sec‘l, Tk = 3’10'5 sec,

T, = 3 sec, =5 sec, and that the first, second, and fifth components in the

denominator of (39) can be disregarded, We obtain

emat05u Y dn+2550. (41)

For instance, 1if R,mmey and ;'A';-O.l rad, the error in the generated frequency will
be C.0544 sec'l, i.e,, sbout 0.2 ¥ in units of the field. Further, the detuning
of the receiving circuit enters into the result with the coefficient 1/613, Thus,

the number 613 in the considerei example has the meaning of the stabilization

factor of frequency of the generator cwing to the inclusion into the feedback circuit

of the nuclear-resonance filter,

The above-mentioned figures correspond to Qm$9, and from considerations of
the preservation of the intensity of the signal it is undesirable to allow
detuning R,—a, greater than t%, i.e., £ 189 sec'l (1t 18 easy to show that this
corresponds to 27% decrease of amplitude of the signal of the generator or greater,
depending upon 1ts conditions). With such detuning the error in the measurement of
the field will be *I7.

Thus, the error due to the inaccurate adjustment of the receiving circuit is
indeed small and cannot serve as an obstacle for the use of the nuclear-resonance
generator for magnetometric purposes. At the same time, during the designing of
this principle of especially sensitive instruments it 1s necessery to provide for a
certain method allowing the weakening or compensating of the influence of this
factor. We can point out at least three such methods:

1) A sufficlently accurate automatic fine adjustment of the receiving clrcuit.
In the example considered the measuring error will not exceed 08y, 1f Q,—wy 18
held within +8 cps. These limits can be expanded by means of lowering the
quality Q.

2) Retuning of the circuit by means of selection of one of the discrete values
of @y, each of which corresponds to a separate range of measurements. The error le
in each range is corrected during calibration of the instrument.

3) The creation, instead of a recelving circuit, of systems with a mildly
sloping phase response, The simplest variant is an untuned recelving coil, Such
a way is conjugate with deterioration of the signal-to-noise ratio by V8 tim -,

Howev~r, the nuclear-resonance generator, apparently, is able to operate normally
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during low signal-to-noise ratios, and before supplying the frequency meter this
ratioc cen be improved with the help of an additional narrow-band filter or amplifier,
not entering intc the feedback ring. Ancther possibility is in the development of
more complex oscillatory circuits (for instance, coupled circuits) with a sloping
section of the phase response in a certain interval of frequencies, with the
preservation of gain in the amplitude of the signal owing to resonance.

It is very possible that in the proceses of further development it will prove
expedient to use not one of the indicated methods but some combination of them, The
interesting but as yet almost untouched problem 18 the creation of methods of
control of the magnitude of error & in the process of the instrumentt!s operation.
It 1s not excluded that it will be possible to carry out such a control by means
of an artificial supply of direct induction from the phasing coils to the receiving
coil and measurement of the appearing frequency drift of the generator.

Almost all the theoretical conclusions pertained to the steady-state operating
conditions of the instrument and, besides, in the uniform external field Hye A
more general theory as yet is absent, in connection with which here we will be
limited only a few additional remarks.

A. QOperation in a nonuniform field Ho. With small heterogeneities the

instrument measures the average fleld in the volume of the sample located inside the
receiving coil, Moreover, in connection with the natural damping of precession,

the volume elements located "dcwnstream" will enter with smaller weight, If the
gradient of the field exceeds ~032:03es along the axis of the instrument (or
~08+07y/em in a t.ansverse direction), it will start to show a decrease of amplitude
of the signal owing to the dephasing of nuclear precession. Furthermore, the
average frequency of precession in the receiving coll will be already noticeably
different from the resonance frequency in the region of the phasing field. As a
result of this there will appear an additional detuning of the phasing signal, !.e.,
the phase shift e, and together with that the generated frequency, to a certain
degree will depend on the character of heterogeneity of the fleld; this effect,
obviously, will be lesser the greater the magnitude of the phasing field Hl' It is
necessary, however, to note that for the majority of practical applications (we

have in mind geomagnetic measurements) the case of considerable gradients is not of
srecial interest. Indeed, the source of heterogeneity of the field, especially the

remote one, almost inevitably will noticeably infiuence the average quantity Ho.
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RADIATION OF Sbi?5

N. M, Anton'yeva &nd 4. S. hatykhirn

The radiation of Sb125 (T1/2 = 2,6 t 0.1 g) [1] has been studied earlier by

many researchers [2-5], but as yet the complicated decay scheme Sblzs--‘fTe125
has not been established.
In this work the P-spectrum and conversion-electro: spectrum of Sb125 were

studied with the help of a magnetic spectrometer of the Ketron type (6] and also
a magnetic spectrograph of tre Danisa type with a resolving power of 0,15% and with
measurement of the magnetic field by the method of proton resonance,

The investigations we:''e carried out with one source, which was obtained by
chemical isolation from tin irradliateG by neutrons. In view of the small specific
activity the preparation was quite thick, and therefore the measurements were
conducted practically starting from ~70 kev,

25

B~spectrum ofﬁ§p1 . The general form of the B-spectrum of Sb125

and the

conversion-electron spectrum obtained by us is shown in Fig. 1.

The Kurie plot for the continuous B-spectrum of Sb125 is shown in Fig. 2. As
can be seen from this figure, the B-spectrum is complicated. The boundary of the
hard component of the B-spectrum is equal to (628 t 3) kev. The value lg ft is
great for this transition and equal to G.0. The segment of the Kurie plot
characterizing the hard component is small, ¢ total of 450 to 540 kev: on the par'
of low energies a softer B-spectrum 1s superimposed with Erp = 4§30 kev, and on the
part of high energies conversion lines of y-transitions are superimposed with

energies of 600, 606, and 635 kev, This hampers the inveatigaticn of the
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Fig. 1. GCeneral form of the P-spectrum and
conversion~electron spectrum of Sb .

—— %

Fig. 2. Kurle B-spectrum plot of Sb 22,

pe-spectrum form.
For the determination of relative intensities of components of the f-spectrum,

1t 18 necessary to obtain a softer spectrum by subtractlon from the experimental

spectrum of the hard component, etc., In all cases we assumed that the Kurie plot

of the hard component is rectilinear.
25

Data on the measurement of components of the Pf-spectrum of Sb1 are given in
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Table 1 Table 1. It should be noted that the B-spectrum with

Cp. Kav 2% s Erp < 300 kev is complicated. For an investigation
o3 oy " of this region of the p-spectrum a thinner, recently
e » - 125 125+

”(g‘ g 144 isolated source of Sb (without Te ) is necessary,

In the theses of the 12th Annual Conference on
Nuclear Spectroscop (7] we erroneously gave a weak
(1.4%) hard component with an end-point energy of 750 kev. The relative intensity
of this component as compared to the component o1 628 kev was changed in time
(~8 months).,

Conversion-electron spectrum of Sb125. The spectrum of conversion electrons

ohserved by us consists of 21 lines corresponding to 12 y-transitions, Data on the
energlies of the y-transitions and on relative intensitlies of the conversion lines

are given in Table 2.

Table 2
o, kev Jbserved line | M=aTXI® lﬂuéan ln-ultéi
1 F - o -
- By el I - YT
» s: 4 < - -
K - -
é::” 2‘1' --'a.m oY) o
* e L !
i.& 4 » Ui 1
3 L W& 18510 "
o a2 ift 13 - -

Up to now there has been no complete information in literature on the conversion
electron spectrum of Sb125. Relative intensities of conversion lines and the ratio
¥/(L + M) were determined by us for the first time.

Conversion lines of y-transitions with energiss of 206, 320, 376, and 380 kev
are on the intense S-spectrum, and therefore their observation is hampered. The
conversional line K-376 was observed by us only on the magnetic spectrograph
as 8 very weak line, 1Its existence requires atill an additional check.

Figures 3 and 4 show sections of the f-spectrum with groups of conversisn
lines. In view of the fact that the difference of energies of conversion lincs L

and M 18 relatively small (for Te of 3.9 kev), tnese lines were not resolved Ly us

and we had to calculate the area of the total line (L + M). However, it is known
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Fig. 3. Section of the f-spectrum Fig. &, Section of the B-spectrum with _
with groups of conversion lines groups of conversion lines K-, L-600.3, K-0Uf,
K-, L-427.6, and K-, Le363.1 kev, K-, L-635.6 and K-6T0 kev.

that in many cases M/L ~ 0.25 [8]. Therefore, for an appraisal of the K/L ratioc,
on the basis of the known ratio K/(L + M) we used the following approximate equality:

furia(t+ 1)~ 125
The values thus obtained for K/L are given in the last column of Table 2.
Energy of y-rays of 8b125. Values of energies of y-rays of Sbles, according

to different authors, sre given in Tadble 3.

Table 3
Morg of rredistion of W5 v
Dule Prum 1ivsepmture
g ' ~ . ar data
e = i g LAY
l;ﬁ: ™ g) L TYeYy
- D E
24 - - s i
& | 8| 8| & i
e - - § g’?{
- T e - .‘;‘

In works {9, 10] for the determinsi. .. of the energy cf j;-rays date w-ro usoy
both on conversion electrons and also on photoelectrons, But investigation, were
vonducted with thick preperations and on a lens spgectrometer with & resoclving power
of 3.5-5%. In work [11] the energy of -rays was measured 1 8 scintillatiocn

1=spectrometer,




The most exact values of energies of y-rays are given in our work and work (4],

We determined the energy by the method of proton resonance on a magnetic
spectrograph with a resolving power of 0.15%, In work [4] energies of transitions
were measured by an absolute comparison with standard conversion lines ThB.

The transition of 35.6 kev was not measured, in view of the presence cf a thick
source, We have no hint of the presence of y-transitions with energies of 109,

171, 2C3, and 652 kev, The conversion lines of y-transitions with energies of 109

R

and 171 kev could not be noticed on a ketror, since the resolving power on line
K-175 was ~1%, instead of the instrument 0.58. The K lines of il.28e trangitions
could not be resolved from the intense conversion lines K-109.3 and K-176,3.
The conversion line K-203 merges in energy with L-176, and also could not bLe
noticed, All these conversion lines had to be resolved on the magnetic
spectrograph, but we did not obferve them on the plate. Apparently, the exposure
time was insufficient. This is confirmed by the fact that conversion lines of
)-transitibns with energies of 206 and 320 kev, the intensity of which, apparently,
are greater, are not nocticed on the plate.

The conversion line K-652 should be between lines X-635.6 and 1-635.6. 1f it
is, then its intensity iz 0.5 less than the intensity cf K-427,

Multipolarity of transitions. The large number of lines in the y-spectrum of

Sb125 indicates the complexity of the decay scheme of Lhis isotope. For canstructing
a decay scheme knowledge of the multipolarity of transitions is important, VWe

tried to determine the multipolarity of certain transitions from an analysias of

the conversion spectrum. Given in Table 2 are the ratios of coefficient of
conversior. on shells K and L for certain transitions. A ccmparison with theoretical
values [12], given in Table &, for different multipolarities makes it posaidble to
.assune the type of transition. As can be seen from the tadble, single-valued simple

ascridbing of the type of transition by these data cannot b% uade,

Table ¥ ]
- Pasretiml sives of 8X R

» rmed iype o

_oeulen &) g - a - - & | vewivos
7/

£ 15 4 14

gl alulelsislglg].8.
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Decay scheme Sb125_T9125. The first decay scheme was proposed by Siegbahn

3]. Later it was refined, and the most complete scheme is given in the work of
iazar (11).

Our dats sllow only to define more accurately energies of certain levels, In
Pig. 5 the scheme of Lazar is represented with our more precise defini‘ions.

In the work of Narcisi (4]
the decay scheme is not given, but

energies spins, and parities of

:' levels are indicated: O kev
- (1/24); 35.5(3/2+); 145.0(11/2-);
-y 321,3(5.2-); 462.0(5/2+);
528,4(7/2- or 9/2-); 633.6(5/2+);
839.7(7/2+j; 652(?) and
»y
£67 .B(5/2+).
Erergies of these levels
~ee P P agree well with energles of levels
in tne Lezar schewme; in which are
- 2N placed all the observed
)’ ¢ * . y-transitions, except the two
Pig. 5. Dechy scheme of gbizs - 1!125. with energiee: G606 {by our data)

or “G&.% zev (according to
Narcisi) and £62 ke /[accordirg vo Harcisi). Por the distribution of these

-transitions two additicnal levels ara introduced into work {4): ©3G.7 and 652 kev.

The despectra ods:rved bY us with end-poi:'® energ'en of £28, 430, and 300 xev

proceed corresponaingly- to leveis 135, 321, and 33,1 kev, as it wis indicated

eariier [Q, 11, 1%},

100 .
™e Hetrardition from the basic ztate of &3"2"{ [/2%) to the mwtastable love!

125

of Te 7 with the énergy of 145 wev {11/7-j {c cnaracturizes by lg ft « 9.0,

T According o selection rules &l » 2, tut it shuulid Be referred to the unigue

transiton of the First Torbiddeness. A coppariscr af the .f_'sli‘.C;Oi.‘ 3 the form of
degpectrua of S?”} by the work of mecw.s_!ii‘; with cxperimental factors leads
Lo an ‘une‘xpocte‘ﬁ reguit ~ the rescived fore 2f the spectrum, -

| iin TEnCiusian the suthors consider (it thedr pleasant suty to rxpress gratlltuaie

o ¥, 1. Perrisnd, who participsted in the anslysis snd discussiasn «f i1h: resu.t.;
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A. A, Zhdanov, for the investigation on the magnetic spectrograph; and also N,

Stegalkina, L. Kolmykova, and Yu, Golubev for their help in the measurements,

Summery

The J-opactrum ond the spectrum of coaversion electrons of SO™
hes besa siudied with the help of the ,coctron® type magnetic spectre-

l!hr(%ﬂf-ouu;).-ln magnetic spectrograph with pholographic re-
““'C%;"QJ‘”).INNE’ncb!dllll the SO'® decay ’untci»
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DEPENDENCE OF ANGLES OF ORIENTATION IN DYNAMIC DOUBLE
KEFRACTION ON THE VELOCITY GRADIENT

V. P. Budtov

Considaration of AnisotroE§ of a Hydrodynamic
interactlion

During the study of double refraction in the field of the veloclty gradient

we usuelly encounter two provlems: the study of the double refractlon during small
hydrodynamic stresses end, in the whole scale, of stresses obtainab’e experimentally.
The first sliows us to make definite conclusions about the form, chemical structure,
thermodynamic flexibvility, and other properties characterizing the mecromolecule in
the undisturbed flow state, The second allows to us to judge the behavior of
macromolecules in flow, i.e.,, on the deformation, orientation and kinetic rigidity

of the molecules. -

The regicu of small hydrodynamic stresses has been studied well enough both
experimentaliy and also theoretically. However, in the region of large velocity
gradients there exists only a qualitative cohformity of experimental data with
theoreticel positions [1-4].

The theory of the dependence of the angle of orlentation on the velocity
gradient was developed most fully for rigid ellipsoids [5, 6). Experimental dats
for solutions of rigid macromolecules indicate that qualitatively the predictions
of the theory are justified; however, for the best coincidence 1t 1is necessary,
to consider the influence of polydispersity of the sauple [7, 8].

For ideally flexible macromolecules W. and H, Kuhn obtained, at all velocity
gradients, [9]

gy}, (1)




where Ql-{?-l (;. 18 the angle between directions of crientation of the
maecromolecules and the t'low rate); p-lﬂlg (M 18 the molecular weiéht, [n] the
cuaracterlstic viscosity, R the gas constant, T the absoiute temperature, g the
velocity gradient, n, viscosity of the sulvent).

In the case of kineticsally rigid colls for the effect of iatrinsic anisotropy
they obtained, at small velocity gradients, [10]

Q=B —ILTP+ . J=P 1 —-139P+..} (2)

' ; It 1s clear that initlal slopes of the dependence of the angle of orientation on B
for the kinetically flexible model are three times less than for the “inetically
rigid model; however, with an incrcase in the velocity gradient this difference
decreases,

Using the distribution function for a kinetically rigld coil [10] we obtain
for the angle of orlentstion of the effect of form (the model of the equivalent
ellipsoid [11] and model Copid [12] at small velocity gradients cojucide):

g2 53 (1 —~9,10 4 .. ) 258 [t — 1,45(2,58° +.. ). (3)

Thus, it is clear that with a decrease in kinetic rigldity of tne coll (ratio
of the internal viscosity to the viscosity of the solvent) the character of the
dependence of the angle of orientation on the veloclty gradlent changes.

1. Dependence of the Angle of Orientation on the Velocity
Gradient and Concentration of the Polymer
in Solution

We studied angles of orientation of solutions of polymethyl methacrylate

[PMMA] (IMMA) in tetrabromoethane [acetylene tetrabromide] for six fractions and -

unfractionated sample in the region of velocity gradients from 4 to 2000 Sec-i.

The obtaining and fractionation of PMMA and the characteristics of the instrument

are given in a previous work [13]. Solvents were selected so that the effect studicd

wag the only effect of form. The viscosity of solvents Mo varied from 6 to 15.t cp,
During the study of the gradient dependence of the angle of orientation in

tne reglon of medium veloctty gradients various authors (7, 8, 14, 15] have citid

ratios which are a particular case of the relationship [8]:

';%;3-1" +Ag(n -y, ()

where [ is numerical coefficient, n the viscosity of solutlon, 1 the initial slop

' -TPuw




of the angle of orientation. On the basis of this empirical dependence (8] a
method was proposed for obtaining the "initial slope" 7 of the angle of orientation,
However, as the author himself stresses this relationship [#] is accurate only in a

mtﬁ' H‘-"'A. ~/

defined region of velocity gradients,
We showed that in the region of

small velocity gradients L‘i! is a
parabolic function of g (Fig. 1).
Thus, in finding the "initial slope"

— -
0 » »

L et

Fig. 1. Dependence of the quantity dF

on the veloclity gradient for solutions of
V fraction in solvents with various
viscosities, 1 -~ 15,6; 2 — 11,4;

3 - 9.4; u - 6.6 Cp.

T of the angle of orientation it is
necessary to present !;"— as & function
of g%,* then on the axis of ordinates
the segment equal to 1 is cut off,
For all the solutions studled 1 were found by this method. However, the enumerated
methods are inaccurate, since the extrapolation to g = 0 1s produced basically by
measurements obtained at small velocity gradilents, where there 1s & large er' r of
the measurements,

If we express ig2y=f(ge), then the experimental points for solutions of the

given fraction in the given sclvent fall on one curve for all concentrations. As

a result we find it possible to find v on the whole curve which expresses the

dependence of the angle of orientation on the velocity gradient., The convenience
of this method is that the possibility appears to checking the correctness of the
finding of 1 by measurements at large g and large concentrations of polymer in the
solution,

For small viscosities of the solvent (large kinetic rigidity of the
macromolecule) this method coincides with the method of Peterlin [16] when tg 29
is represented as a function of ‘!:}! (T is proportional to !E}!)

Consequently, we managed to find the generalized parameter 1, which is
determining in the kinetics of orientation of macromolecules in flow, The obtained
results reflect the fact that the orientation of dynamic double refraction during
any velocity gradients depends on the time of relaxation 1, both the relaxation

time of orientation (great kinetic rigidity) and the relaxation time of deformation

n

'The exponent of g in the original text is illegible; "g

appears below and
may be the quantity used here (Tr, Ed, note),
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Fig. 2, Dependence
of quantity §2 29 on

gt for soluticns of
fraction V in
butylacetate (1), in
methyl ethyl ketone
§2g, and in acetone
3). Points for

different concentra-
tions in Figs. 2, 3,
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Fig. 3. Dependence
of quantity tg 2¢ on:

gt for solutions of
fraction V in bromoform
(1) and in tetrabromo-
ethane at temperature.

t = 219(2), t = 15°(3),

o 1 T

Fig. 4. Dependence of

quantity tg 29 on gt for
solutions of fraction 1V
in tetrabromoethane 1t
temperatures of

26% (1), t = 21%((2),

[

= 15%(3).

ot
I

4, 5 are designated

(o)
by various signs. t = 77C(4).

(greet flexibility of nacromolecules) (Figs., 2-5), The dependence tg 2¢ = f(g1)

when £7 < 1 has the form

...?..l-“"t'+... (v

It chculd be noted* that in the viscous solvents (qo > 5-10'2 polse) A = 0,23 * «,. ¢

for all six fracticons studied, whereas for solutions of fraction V in low=visconity

e poise) A > 0.9. For solutions of fraction V in solvents

solvents (N, < 2:10”
with an intermediate viscosity (2-10'2 <ng < 3.107° poise) A = 0.5. Thus, wity

a change in the viscosity of the solvent {change of the kinetic rigidity of ttu

'tarlier {13] angles of orientation were studied for solutions o! on  of the

PMA fractions in 9 solvents, the viscosity of which varied by more than .0 tlimn o,
Experimental data indicate that when Mo < 2°10-2 polse the dynamo-optimetrlc err

(8 an orlertational nature, and when qo > }~10'2 polse, it has a detormation
n.lure,

A
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macromolecule), the gradient dependence of the
angle of orientation changes vhen gt < 1, For i
solutions of unfractionated polymethyl )
methacrylate A = 0.05, } i

As a characteristic of kinetic rigidity L
let us introduce the parameter p-h-—'r, where i
B and A are friction coefficlents of the o
macromolecule, depending on the internal viscosity ;
and viscosity of the golvent, and k 18 a

numerical coefficlent. Using data of the

works,’ we can obtain for B/A the following f
{

2 ' ratio

' | -3 (6)

N S B S R R N T

Since for fraction V in solvents with a

Fig. 5. Dependence of viscosity from 2 to 3 cp the influence of

quantity tg 29 on gt for
solutions of fractions of PMMA

in tetrabromoethane (t = 15°c). it 1s possible to consider for them p = 1, which
1 -- fraction III, 2 - fraction

II, 3 — unfractionated sample, gives the value k ¥ 3. Given in Fig, 6 is the

4 — fraction A,

orientation and deformation are comparable [13],

dependence A on p'l. From the figure it is clecr
that during a change of kinetic rigidity £~
changes from 1,2 for a kinetically rigid coil

to 0.2 for an easily deformed coil. When

p < 0.1, (ny ¥ 15,6107

T poise) no longer !

depends on the viscusity of the solvent within
Fig. 6, Dependence of
quantity A on p'1 for

solutions of six fractions of the change of A from 1,2 to 0.2 qualitativul;
in various solvents,

error of the measurements, Thus, the magnitude

agrees With conclusions of the theory of the
deformed dumbbell [9, 10]. The distinction consists in the fact that the

experimental quantity A # O for the easily deformed macromolecule, while the

'The article Yu. A, Gotlib and V. P. Budtov, "On the theory of double refract’c:
in solutions of polymeric chains possessing kinetic rigidity," will be published
in 1964 in the Jjournal Herald of leningrad State University, and the article of
V. N. Tsvetkov and V. P, Budtov; "Characteristic angles of orientation of double
refraction of PMMA solutions," in the jJournal High-Molecular “ompounds,
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theory [9]) gives A = U,

In Fig. 7 the dependence

5>

[ o
of €7, From the fiyure it is

is represented as 2 function

clear that tg 2¢ is proportional
to &1 when gt << 1 and when

€1t > 15, and the proportionalit,
Fig. 7. Dependence of quantity !ﬁ} on g7,

factor changes from 1(gt << 1)
For an ideally flexible coll (1), for a

kinetically rigid coil (5}, for rigid to 0.2(gt > 15). The divergen -
ellipsoids with p =1 (1), p = 2 (2),

p=3(3),p>10 (4. For solutions of the curves for various

of PMMA fractions in tetrabromoethane: «@-

unfractionated sample; -8 fraction A; -@- fractions in the region of
fraction 1I; =-0O- fractlion III, -8 fraction I —

fraction 1V; -A- fraction V; in low-viscosity large gt is probably the result

solvents: <~ fraction V.
of residual poelydispersity f

the fractions, which the dependence given in the same place for the unrefructior-ted
gsample indicates, The dotted lines correspond to the theoretical dependen ¢ for
rigid elllpsolds [5, 6], ildeally flexible dumbbells [9] and kinetically ricid
dumtbells [10].
2. Consideration of Anisotropy of Hydrodynamic
Intera2:.ion

The value A = C,2 £ O tfor urn eusily detormed coll cuan be obtalneldl it w
inte censiderstion tne anisctropy of the hydrodynamic interaction of the o pmernt o,

As is known 17, 18] n conslderation of the anlsctropy of hydrodynami.
int¢ ractticr allows cobtaining the dependence of the chrracteristic vicocoity o

vi-jozity pradient of the fiow without an introduction of the internt? viscosity

o]

ot the c: 1.
T the ¢oze of the isctroplic hydrodynamlc Interaction the dets eming i

orlerting intiwnce of the flow are identical (9], 'nd consegquintly the muynita:

o viscosity o the scolution [, 20] and the quantity t(% do not depena or the
ve loo ity praalent {mod . of an ldeally £ xible coll}). lHowever, wi:io nwocount
tuken of the anlsotropy ot the hydrodynamic interaction [17, 1&j, o0 qicc o0 th

tnternn! viseooity (einetic ri. Wity ¢) (21, 23], & dependence of ) L &2
en the ve lorlty gradient appesrs. The consideration <1 unisotropy ol the

0y - rogynaent- intvraction and considrration cf the internal viscosity olv.

co “ficlent A ¢ one slrn (%', although in the first case the fristico e 704
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along the axis of macromolecule 1s less than the friction coefficlent perpendicular

to the axis, and in the second case the reverse is true.
For clarification of this contradirtion we consider velocity uy of the end of

the macromolecule in the direction & (see, for instance, [10]):

e s RO M

where AH and B are the friction coefficient along the chain and coefficient of
internal viscosity, v” i1s the speed of the liquid in the direction I, a“ is a
quantity characterizing the force of the entropy and diffusion character (a” is
always of the same sign vl (9, 10]). 1In the case of deformation of the chain
v >0, -,>o..%>o.

For isotropic hydrodynamic interaction [18] A=A . For anisotropic
hydrodynamic interaction

l-—;‘-.—‘%&%-ﬁ (8)

where N is the number of subchains and xo is a parameter depending on the friction
coefficient and length of the segment (0<(C«0.14) {17, 18]:

Let us formulate the difference of velocities of the end of an 1ideally
flexible macromolecule with the isotropic hydrodynamic interaction a. and of a

macromolecule with incernal viscosity and anisotropic hydrodynamic interaction:

bym e - g= e - Tt (9

In case p=0 48>0, and in the case (=0 Ax,>0. Thus, the speed of deformation
with account taken of internal viscosity anda anisotropic hydrodynamic interaction
is less than the speed of deformation for an ideally flexible coll with the same
orienting action of the flow,

Let us examine the influence of anisotropy of hydrodynamic interaction of th
dependence of the angle of orientation on g during small nydrodynamic stresses.

In formulating equations for the distribution function of particles in the flow
we will proceed from the dumbbell model of the macromolecule [17]. Substituting
the velocity of macromolecules into the equation of continuity of flow, we can

obtain for the distribution function ¢ equations taking into account anisotropy

of the hydrodynamic friction (plane case)

s e i
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whers .c.’.*_- is the undisturbed mean square of the distarce between the ends
of the macromolecule, and $ is the angle between directions of the flow and  §

Since .l‘l‘.-l -8, where { is small quantity, a solution will be sought in the
fora 9=me+in+.. We can obtaln relationship for moments:

CPMP >4 ISV P> - PN >= 088>, (11)

l!'<l‘n-ﬂ> - <> 4 1m0,
4. 1 PEALL ™Y >TIZLTL DS

If the right sides of the equations are averaged with the distribution tunction "o

then we will obtain linear members in expansion with respect to {. For the angle ot

orientation

e 528 (4 E)i- s |-

(1o
.l‘[l—TQ"'*f ]
The corresponding calculations for the characteristic viscosity give
7 M
= Reaf1- 0+ ).

which with an accuracy of numerical coefficients coincides with results of work.
(17, 18].
For the quantity of double refracticn {effect of untrimsic snisotropy! we

can obtain
(-?—L-.’[l++r(‘—~-}{)+.. .]. . C1

where '-'(H-"-) ; and k is a constant.

Thus, in the case of an ldeally flexible coil, but taxing into account t::
anisotropy of the hydrodynamic interaction, we obtained A-,‘-§¢O. In viewm o o
roughne 8s of the model these calculations pretend cnly to » gqualitatlivs ‘coln-ide:
.ith the experiment. It is pcssible to give & maximum sppraisat %(% ,
considering that calculations are made for the effect of intrimsic anisotrocy
L2y, (M)

It is interesting to cumpare the theoretical curves of the dependence ¢l the

angle of orientation on the velocity gradient for coils (€, 9] and rigis

v aer b




BB i o

ellipsoids [5, 6]. It 18 evident (see Fig. 7) that the curve for the rigid ellipsoids

lies between the curves for the ideally flexible coil {isotropic hydrodynamic
interaction), and for the kinetically rigid coil, where the dependence for the
rigid ellipsoids with p = 1 coincides with the dependence for an ideally flexible
coll.

Using the equations fur coefficients of forward friction [(19] we can obtain

the magnitude of the anisotropy of coefficient of hydrodynamic friction of rigid
ellipasolds:

.}_ o:|¢;-‘ npul,

‘_.
S (R (15

Consequently, the difference of the gradient dependence of the angle of
orientation for rigid ellipsoids with different p's is connected with the
anisotropy of the coefficient of hydrodynamic friction. An analogous result 1is
obtained for ideally flexible coils with anisotropy of hydrodynamic interaction,

In conclus’on the author expresses gratitude to Prof. V., N. Tsvetkov for his

valuable advi~e and help in the work.

Conclusions

1. The dependence is studled of the angle of orientatiocn of double refraction
(effect of form) on the velocity gradient in a wide region of hydrodynamic
stresses for solutions of 6 fra:tions of polymethyl methacrylate during a change
of viscosity of the solvent for fraction V from 0.3 to 15.5 cp, and for the
remaining fractions from 5 to 15.6 cp.

2. A ®ethod is proposed for finding the initiel slope of the dependence of
the angle of orientation on the velocity gradient, taking into account the
messurements taken during large velocity gradients and for solutions of high
concentrations of polymer,

3, The influence of the anisotropy of hydrodynamic interaction on the gradiert
dependence cof the angle of orientation is considered.

4, A comparison is made of experimental dats with the thecory for ideally
flexitle and kinetically rigid macromolieculies and also with the thecry for rigid
eilipsoids. Taking into account the anisotropy of hydrodynsamic interaction, it ls

rossible to coordinste well experimental data with conclusions of the thecries.
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d e interaciion 18 taken
oty sk, and ¢ mv extnppeiotion of the exiinction ragie.
oiun g-+0 & prepened.
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DETERMINATION OF HYDROGEN IN ALUMINUM ALLOYS BY THE
M:THOD OF ISOTOPIC BALANCING

N. M. Orlova and A. A. Petrov

The difficulty in thc determination of hydrogen in aluminum and 'ts alloys
lies in the relatively smail content of hydrogen in them (of th. order of 5-10'5§)
and the formstion of a surface hygroscepic film of aluminum oxide, actively
absorbing water vapor from the atmosphere.' The quantity of hydrogen in this film
comprises a magnitude of the same order es the quantity of Lydrogen dissolved in
the metal itself., Moreover, the ratio between the quantity of "surface®™ and
"vclumetric" hydrogen depends both on the form cf the sample and the nature of
treatment of 1its surface.

The method used at present for the determination of hydrogen in aluminum, the
method of hot extraction proposed as early as 1937 dy ~u. A, Klyachko {3] and
devcloped then in a number cf works [4, 5, 6], appears tc us to be ‘. adequate
for twe reasons. First, a sharp decrease of gas generation at a given temperatur
cannot serve as the criterion cof complete degasing of the sample {7], owig to
which th~ results of determining the content of hydrogen in a metal cen ppear
understated, Secondly, in conditions of this method the full desorption of
T"surface” Lydrogen cannot oclur &1so tecause of the interacticn of the surface
Tilm AEEG} ard water adsorved on {21, resulting in the formation cof stable

alumirum hydroxide. According tc data of work {8] nydroxyl groups are partially

‘1t is possible that durl the adsorptiocr. of large quantitics cf wiler vagoer
ram R3droxide is formed [1].  The slsorpticn of hydrogen in the oxidiged film s
{ci~ar*, and i, apparently, can be Jdisregarded {2].

o~ ary
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retained in films of alaminum oxlide evin at 800-90000. Therefore, we are inclined

"surface"

to consider that, aithough the schemc of the separate determination of
and "volu.metric" nydrogen, presented, for instance, in work [4) 1s theoretically
-true, the qu-ontitative deta obtained in this work are somewhat understated.

For prcof of this we conducted the de;.asing of sluminum at 600°c and found by
applying the method givern telow, that after two hours of pumping there remains in
the metal up to 50%, after six hours, about 30%, and even after 15-20 hours, ak~t
10% of tnhe initial total content of hydrogen, which comprises in different samples
1.0-2.0 cmB/iOO g. Proceeding frow the above, we should make e conclusion concerning
the possibility of systematic e.rore ieading to understated appraigals of the

" and "surface" hydrogen produced in the method of

quantity of both "volumetric,'
vacuum extractlon,

Truer appralsals, in our opinion, can be given by the method of isotopic
balancing, irasmuch as i{ does not require che full liberation of gas from the
metal and, furtnermcre, it is known [8] that equilibrium is established sufticiently
fast in the deuteroexchange of films of aluminum hydroxide at SOOOC.

The instu.lations on which we developed the spectral-isotoplic method of the
determination of hydrogen iin sluminum and its alloys are analogous to those uscd
earlier [9]. The investigeticn is carried out on semples of aluminum and its
alloys of variosus compdsitions, bectii cast and pressure-weorked,

Isotopic talancing wes carried out on cylindrical samples with a diameter of
“-€ mm and a welght of 10-20 g at a temperature of SOOOC, i.e., comparatively far
from the melting point of a? inum, inasmuch as the vapor pressure of certain
components of alloys, for instance Mg, is sufficiently high, and on the walls of
the exchanger a metallic sublimate can be . ormed which {° able of actively
absorbing water vapor and hydrogen from the atmosphere. Moreover, the correction
of the reference [?] experiment increases from experiment to experiment (se=
figure), attaining a considerable megnitude (0.2 * 0,02) cmj. Such a magnitude of
correction and its scattering ¢ssentlally lower the sensitivity and reproducibility
of the method, which is impermissible during the analysis of those small
concentrations of hydrcgen which occur in aluminum and its alloys.

Therefore, we used the removal of the sublimate by calcination of the exchanger

under pumpling for 15-20 minutes at a temperature of 1000-1100°C after each analysis.

Here the correction of the reference experiment decreased to /0.025 * 0,005) cm3

-82-




did not give sublimates at
was (0.05 t 0,01) cm}, the

and remained ccnstant in time (see figure). In those

cases when alloys were analyzed which practically

500°C, and the correcticn

exchanger was not cslcined

ul[ : «  nnmber of aralyses after every experiment, but control experiments were

] - )

¢ R pericdically produced.
Dependence of correction
of reference experiment
on the number of analyses,
1 -~ without calcination,
2 -~ with calcination of
the exchanger,

As was noted above, results of experiments (in
particular, the magnitude of the "surtace correction")

depend on the speciflic surface of the samples.

Therefore, we strove in all experiments to conduct

the machining of samples as identically as possible. However, undoubtedly, complete

uniformity of machining in all cases is impossible to attain, and apparently the

scattering of the "surface correction" (Table 1) to a considerable degree is

determined by this circumstance. In all experiments the

ether directly before packing in the exchanger.

samples were washed in

Table 1

Characteristics of the sample | "Surface correction," ml/'cm2 :
COBE v v v v v v e e (5.0  0.8)-107°

COBE v v v v v e e e e (5.0 t 0.8).10™°

COBt v v o v o v v e e e e (5.5 + 0.4).10>

COBE o v v v v e e e e (4.0 + 1,0)°107°
Treated by pressure . « « + « (3.5 ¢ 0.5)-10'}
Treated by pressure . « « o . (3.3 ¢ o.u)?10'3
Treated ty pressure . . » - . (3.2 ¢ 0.2)~:!.0'3

1The correction variance is represented by the mean

arithmetic deviztion ofs the uni* measurement,

The first stage of the development of the method was the determination of the

time of isotopic balancing under the conditions indicated above. It consists of

25-30 minutes outside the dependence on the presence in samples of Mg, Mn, Cu,

and certain other impurities in & quantity of several per cent,

We noted no influence of the treatment of the sample ("cost" or "treated by

pressure”) on the speed of the isotope exchange.
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For the separation of the "volume" and "surface" content of hydrogen we used
the process prc.csed in work [4), introducing certain changes into it. The samples
were degased in a vacuum (p = 1.0'5 mm hHg) at & temperature of 50¢°C for 15-20 hours,
The method of isotoplc balancing was used to determine the residual content of
hydrogen in them; it proved to be equal, for different samples, to 0.1-0,2 cm3/100 g.
From thus degased samples the surfece develcped during prolonged heating was
removed by machining, after which they were held in air a different time, upon the
expiration of which the quantity of adsorbed hydrogen was determined by the spectral
isotope method. Magnitudes of "surface"correction" for certain alloys are given in
Table 1, and its dependence on the hold time of the ermple in air is shown in
Table 2,

Table 2,

Characteristics of the sample | "Surface correction® (ml/cn2) during holding

COBE « v v o o o ¢ o o o o & - $.5-10" |5.5-10"° [5.0.2077 |5.0-1072
e - 6.0.10"7 15,5.2077 |5.5-107> |5.0.107>
Treated by pressure . . . . . |3.5.107° | 3,3.407° |3,1:1077 |3.2:4077 -

Treated by pressure . . . . . |3.4:107° |3.2:207 |2.9.1077 |3.3-107° -

From Table 1 it follows that the magnitude of the “surface correction" is
somewhat higher for the cast samples as compared to those treated by pressure,
Apparently, the apecific surface during the machining or the samples turns out to
te somewhat larger in the first case than in the second,.

From an examination of Table 2 it follows that the formation of a
hygroscopic film on aluminum and the adsorption on it of water vapor occur
immedlately after grinding of the sample, which ig in accordance with the data of
other authors [10, 11]. It is possible to confirm that, at least, durirg the ueek
after grinding the magnitude of the "surface correction" remains ccnstant, This
undoubtedly facilitates the procedure of carrying out the analyses. Apparently
the "surface correction" for alloys treated by presgsure remeins constant during a
significanlity long time, which, as 1t seems to us, ls impossible to say about
certain cast alloys. Probably, in cast alloys there is a slow penetration of water
vepor into the thickness of the metal through the microcapillary defects existing
in 1t. froo=2ding from this assumption, we should conclude that the determination

of truly dissolved hydrogen in cast samplea after their prolonged holding in air

-84.




18 possible only with a conslderable systematic error, caused by the presence of

microcapillaries.

The magnitude of this error will depend, apparently, both on

the quality of the casting and on the hold time of the samples and the moisture of
the medium,

Fer this reason we must especlally investigate the possibility of

using cast samples as hydrogen standards for the spectral method of the determination
of hydrogen in aluminum alloys; tinis will possibly be created in the future.

Regarding the "surface correction," we attempted to reduce it to a negligible
quantity by means of preliminary treatment of the sample in the process of the

analysis itself, since it 1s obvious that the elimination of a source of systematic

errcr leads to more reliable determinations, With this goal we tried to carry out

desorption of surface hydrogen by evacuation for 10-40 minutes at a temperature of
300-400°c, i.e., under conditions during which the extraction of gas from the

metal itself can still be disregarded [12, 15]. However, as one can see from

Table 3, with such treatment of th: sample less than 50% of the surface hydrogen

can be liberated. Apparently, 1n these conditions there occurs intense formation
of aluminum hydroxide, accompanied by orly partial extraction of hydrogen.
Processes of desorption of hydrogen have been studied in great detail by a

number of authors [14-17], and the result obtained by us fully agrees with their
data.

Table 3

Temperature of desorption, °% 300 400

Time of desorption, minutes 10{ 20} 30 4| 10
Surface correction+10">, ml/cm2 2.012.51.912.1]2.4 (
|
P
‘prior to desorption the "surface correction" was E ;
equal to 3,310 ml/cme. {
Inasmuch as we did not manage essentially to decrease the quantity of "surface” -7

§
hydrogen during desorption, we gave up this methocd, and we determired the content {

of hydrogen in metal (VheT)taking into account the "surface correction" by the

formula

Ve Vign ~ Vo' S,

where S is the surface area of the sample,




The total amount of hydrogen (VOOnQ was determined for each sample under the
above-indicated conditions of isotopic balancing; the magnitude of the "surface

correction” (V__ ) was found in _hose same conditions beforehand from a series of

nos
parallel experiments with preliminarily degased samples of the given alloy.

From Table 4, in which results of such determinations are given it is clear
that the hydrogen content in the metal itse’f is comparable to, and for certain

samples even less than, the quantity of surface gas,

Tahle &4
'y Veey = l'l
Suple | Vesm Wetm Yand | MV |o oo™ Vo ’IE?’
’ .
3 %3 § ] Y .
3 Als 2 ®
4 ot 8 3
L 19 al Y] "
4 g || i |8
[ ]
Pl | B[ &) 8|2

lMean arithmetic scattering of unit measurement.

The essential difference in the quantitv "volumetric" hydrogen in the
investigated alloys can be a random effect of the prehistory of the samples;
however, as 1t seems to us, we should pay attention to a number of circumstances,
Semples which went through treatment by pressure contain, as a rule, & smaller
quantity of gus as compared to cast samples, Possibly this is connected with the
decrease of microcaplllary defects during treatment of the metal under pressure,
It is also possible that the comparatively high content of hydrogen in a number of
alloys is connected with the great concentration of magnesium in them, since it is
known [10] that the addition to aluminum of magnesium in quantities of more than
5-6% considerably increases the capability of such an alloy to dissolve hydrogen
in the so0lid state.

From Table 4 it follows further that the random error of the analysis is a
nugnitude of the order of 10-20%; which in such a complicated case as the analysis

of aluminum alloys we can consider to be a completely satisfactory result.'

1The reproducibiiity of results is determined mainly by scattering of the
surface correction, However, during an appraisal of the reproducibility of the
method only AV s 18 considered since the magnitude of the surface correction was

determined beforehand from a sufficiently great serles of parallel measurements.
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Regarding the accuracy of the deteminations, as was noted above, it 1s necessary

to glve preference to the spectral-isotope method over the method of vacuum
extraction,

We especlally did not clarify the magnitude cf the systematic effor connected
with the difference of solubility of hydrogen isotopes in aluminum in conditions jl !
of our experiments, However, the fact that results of determinations at the |

temperatures 500°C and 800°%C are identical indicates the proximity of the solubility

of hydrogen and deuterium, In any case, this difference does not exceed the random

error of the method.

The authors thank Prof, A, N. Zaydel' for his valuable advice,

A spectral-ieotopic method of the determination of hydrogen In siu-
lloys was deve . The method enables
gos content i surfece layer as well
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ON THE "MEAN TIME OF THE FREE PATH" OF 02 MOLECULES

A. K, Suslov

If we assume that the expansion of telluric lines of 02 is connected with
damping due to collisions [1], then 1t 1s possible to construct a theoretical path
of the line. However, with such assumption 1s there a noticeable divergence between
the theoretical and observed paths of the first line of the P-branch, which is
difficult to explain by random errors [2]. For the determination of time of the

free path TO this formula was used:
Ty
] ...___J!L!::__r”
=== rens (1)

it was derived under the condition that the intensity in the ceater of the ling
1,=0 [3); for the line used in the preceding work [2] 1 = O not only in the centes,
but on a certain section with an extension of 0.3 X. During the investigaticn

of the path the intensity at each point is ususlly divided by the value of the
intensity of the continuous spectrum. With a line width of several angstroms it
is possible to consider that the many errors connected with atmospheric extinction
are reduced, if they are proportional to the initial flux. In the interval of the
wavelength where 1 = O the solar energy does not reach the lower layers cf the
atmosphere and, cocnsequently, some of the O2 molecules are not involved in
absorption. Therefore, it is difficult to separate the change in transparency
from the change in the number of molecules, and the lines obtained at a different
times will correspond to different gro.th curves, In order to avoid this, it .s

necessary among lines of tand A to select a line for which in the center the
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blackening is so close to zero that the ratio (1) 1s fulfilled. This conaition is
satisfied most frequently by the 18th line of branch Pq. With a further growth
in the reference number th= dlackening in the center starts to differ ncticeacly
froa gsro.

For an appraisal c? the time of the free path line P;g was selected in band A
with a wavelength of 7659.37 £ in the spectrum of the center of the solar disk.
obtained at AOKGU*, 5 March 1959, at 11M1™ Moscow time. The spectrum measured
photomsetrically on an MF-2 every 0.01 mm, which allows constructing the .
dependence between sms$igd/ and y-n(,'--l) (Pig. 1). With this &lssl—4, and L 13
the scale reading of the (MP-2] (M@-2) corresponding to the center of the line. This
dependence turns out to be linear, with sufficient accuracy, for the greater part
of the path with the angle of dip of the straight line at 45°:

24ymD. (2)
Since
D=—3geT). (3)
then wit! the obtained mean value U = 8,9755 will be — lg (2rT) = 9.4878 or
1/2!‘1‘0 = 0,307. On the other hand

.'-v'-’ ——#ow. (4)

Ve finally obtain T, = 7659/0.307-2.998-10%.1,225.10% 21 « 8.4-20712 gec,

This confirme the value of T, calculated earlier (2]. Fcr checking we substitute the
calculated value T, into formula (2), construct the theoreticai line (dotted line),
and compare it with the observed line (solid line — Fig. 2).

For an approximate determination of the parameter T0

we can use & simple method. Let us transform (1) and
integrate over the whole path:
A—Qbmgh (o (5)
‘ L YR
' Consequently,
',-*. (6)
aNe ‘
t T In our case W, = 0.915 R Expressing equivalent width W
Fig. 1. ) in units of frequency, we obtain T, = 11-10°32 gec. Tis

‘™he Astronnical Observatory of the Kazan, Kiev, or Kirgiz State Univeretly
[Tr. Ed, note].
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' mekes it possible to determine To from the intensity of lines

for all spectra, where there are lines, with zerc intensity
in the center, ‘f it is xnown that damping is caused by
collisions, Here tne liietime of the upper level for
absorpticn lines should considerably exceed the mean time
of the free path., For C, molecules this condition 1is

2
Flg. 2. observed, since the upper level '3 is metastable and has a

mean lifetime of the order of 10 sec [5].
According to the kinetlc theory of gases the number of collisions between

mulecules per unit *%=c is exoressed by the following formula [4]:

=32 V%—'(M-#--A.V%). (7)

where n,, n, are the number of molecules O2 and N2 per unit vciume; Og4s 94, &FE
the effective cross sections during collision; m, , m, are the corresponding values
of molecular weight, where my = my + o, ; T 18 the absolute temperature; and k is
the Boltzmann constant. We produce calculations with the following assumptions.
Alr consists of a mixture of 2 gases. The total number cf particles per unit
volume is N = 2.688-1019; 9 = 3.2 g, 0, = 3.5 :; m = 32.00; m, = 28,02, MHaving
substituted the indicated values into formula {7), we obtain for T = 27}°K
v = 2-10% sec”t.

Thus, there is a considerable disagreement between the result of the theoretic:l
calculation and data of spectrophotometric investigations, ~rFirst, the expansicn
of the path is connected not only with collisicns but alsc with the Doppler effect,

]
In this case the path can be represexted by equaticn

'-'~%i7{5_‘§ir' (8)

where
ey, smiIZ2E gm C l;lni?-ﬂ-llr. 4
-’ v % e ~ . v (8]
One cf the subsequent problems 1s investigating the influence of Duppler expsnsion
on the line contour. Secondly, oxygen 1is distributed in the atmcsphere
nonuniformly, and different layers have different pressures and temperstures. H

The observed path appears as a result of certain averaging cver all lsyers,

‘n impcrtant practical problem is the interpretation of cbserved circults vn the




basis of different models of the standard atmosphere. For checking the menticned

assumptions the spectrum of the center of the solar disk was photographed from the

observatory of Moscow State University GAISh' (in the mountains of Zailiyskly Ala-tau;

H = 3060 m above sea level) (6] by means of a [DFS-3] ([AC-3) spectrograph with a

reverse dispersion of 3.995 X/in. Spectrographing was carried out at 10“5}m Alma-Ats
time, Por determining parameter Ty line Pg with X = 7632.17 2 is selected it
possesses maximum intensity and a central density of blackening close to zero.
Equivalent width turned out to be W = 1,0269 A = 0.528-10%1 sec?. Hence

the approximate value T = 0.958-10'11 sec is obtained. With the help of photometry

of the contour the above-described method gives an exact value T, = 8.21-10717 sec.
Prom the conducted investigations the following conclusions can be made,

1, The path of atmospheric lines of 02 can be represented by the formula of
Lorentz expansion due to collisions.

2. The parameter of the Lorentz path TO does not coincide with the value of
the mean time of the free path for the lower layer of air,

3. For an appraissl of the mean time of the free path it 's sometimes possible

to use the equivalent line width -~f absorption.

Summary

The formuila for the determination of the time of tre free path Ty 18 derived
by means of the photometry of the absorption line O,. Oniy such lines, which have

intens:ty eguel Q only in the very center, are used. The differenze between the
thecretical and observed value TO is found, It i3 possible to use tnis method for

12
naking model o7 the standard atmosphere more rrecisely. The value TO = 8-107°° sgec
is received,
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APPROXIMATION OF ISOLATED LINE DURING TRANSFER OF RADIATIVE
ENERGY IN THE UPPER ATMOSPHERE

G. M. Shved

The use of the approximation of the isolated line during modeling of infrared
absorption spectra in the mesosphere and upper stratosphere proves to be possible
due to the decrease in line width with a drop in of pressure. In this article
we discuss the limits of validity of this approximation, for a calculation of

flux+ s and of radiant energy, The former require the assignment ﬁ%’—-”- , and the

PAyls, ¥
latter —!.t:—)

s, wWhere AF(z, z') is the function of absorption for a radiant
flux between atmosphere levels z and z' . In the case of a separate line with the
Lorentz-Doppler contour and the intensity of the line constant along optical path

and concentration of the absorbing substance [1]

..‘_'z'.'ﬂ”__c.(qSM(....)z,(o. «: o) (1)

;"‘é;ﬁ_c‘(‘. ¥) j“(c, o) M(e, w)E\(a o w), 2)
. oty [N
Ly Bt e :

rmglis e =t | deariTar
...m:g‘;‘.,’.; cmVRITY,

where S 1is the intensity of the line; % and ap, are the Doppler and Lorentz

halfwidths of the line, respectively; ¢ is the volumetric concentration of the

absorbing gas; Pgs Po and agy, ore correspondingly pressure, density, and the Lorentz
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halfwidth under normal conditions; L) correszonding to the center of the line;
¢y(z) ana Co(z, z') are certain coefficients {1].

Curves of Fig. 1 give the approximate dependence on the parameter of the line
Y of the lower boundary of layers of the atmosphere (by parameter a), for which
outside the intervals (-12, 12) and (-120, 120) there is not more than 1 and 10% ;
of the full value of ;;g?. For lines 15-micron band of CO,, of the considered |
in detail, on the assumption that aj = 5.6:10" ca™? = 7.2:1072 cpt

s Q
oL
C = )-10'“, heights of the lower boundary of the indicated layers are converted

and

to km (model of the atmosphere ARDC-1959 [2]).

The 15-micron band of CO. consists {1] of small

freq\ 2ncy intervals with a great concentration of lines

and more rarely occupied regions of overlapping P and

R branches of different vibration-rotational bands,
which belong to the same several most widespread

isotopic varieties of 002.

In the P and R branches the distance between ?
Fig. 1. adjacent lines which belong to any vibrational
transition is close to 1.6 cm'i. Assuming random imposition of different P and R
branches, the use of the approximation of the isolated line will depend on the
arrival in this interval of lines which are essential in the transfer of radiation
and on their distribution by intensities, In the interval 1,6 cm'1 in the region
of frequencies 615-700 cm’l 5-10 lines are necessary, where including not more
than two with a value of ¥y 3 100. It should also be noted that the intervals
(-12, 12) and (-120, 120) correspond to frequency intervals 1.6+1072 and 1.6.107%
cn'i. Then, according to Fig. 1{ it is possible to assume that the calculation of
% during the trancfer of radiation between levels lying higher than 25 km in T
the approximation of the isolated line does not yield an error of more than several
percent, v
Q-brancha of different vibrational transitions creating & 15-u band occupy '
rrequency intervals from several tenths of a em™! to several em™. Distances : 3
between adjacent lines in the majority of the Q-branches vary in a wide interval,
10~ - 107t cm'l, with values of the order of 10™2 cm™> being most characteristic.
For overlapping Q-branches, lying in the interval 667-672 cm'1 and belonging to

the most intense vibrational transitions, the calculation of -ﬁ in the

~
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approximation of the 1isolated line, correct to several
per cent, can be carried out above 50 km, and for the
remaining Q-branches, above 30-35 km.

Curves of Fig. 2 give the approximete dependence

on y of fraction %, lying in a certain .nterval (-1, )
for two cases: 1) during the transfer of radiation from
the upper boundary of the mesosphere to a level
characterized by the value a = 1,27 (30 km for the 15 u band of C0,); 2) during
the transfer of radiation from the level & = 2,6.1072 (60 km) to level a = 3,6.107°2
(58 km). In the first case this is the solid curve in Fig. 2, and in the second
case, dotted curve., The curves are given for the transfer of radiation downward;
however, they can also be used in the appraisal of thé approximation of the isolated
line during the transfer of radiation upward.

From Figs. 1 and 2 1t follows that the region of application of the considered
approximation starts from somewhat greater heights with a calculation of ::F as
compared to ;;?, and the greater the difference in heights the more intense the
lines in the frequency interval. This occurs because the "mass" of integral (2)
is more concentrated near Vo a8 compared to that of integral (1). The region of
application of the approximatior should especially be reduced in the interval
667-672 em™2,

The form of the distant wings of the iine is described by the statistical
theory of expension. A theoretical discussion of the influence of wings of
statistical form on the transfer of radiation in the atmosphere is carried out in
works [3, 4]. Experimental investigations of the form of distant wings of infrared
lines of certain molecules, namely, HC1l, CO, H20, and 002 (4.3 1 band), were
made by Benedict and his colleagues [5, 6, 7T]. From the theoretical appraisals
and experimental data it may be concluded that under atmospheric pressures the
Lorentz form of lines in infrared spectra of molecules becomes & statistical form

1 and more. But the

at distances from the center of the line of the order of 1 em™
use of the approximation of the isolated line in the atmosphere, for instance in
the 15 p band of coa, usually requires that the transfer of radiation be
concentrated in much narrower intervals, Thus, in this approximation the Lorentz-

Doppler approximation of the form of the line 1s valiad,




comaSeet. Tie regems "'"'"'...-&"‘ g
™™ ol for Hoes model
e eotimated i, the eme of e 13 p CO, band.
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ON POLYANTONS IN SOLUTIONS®
L. G. Sillen

Considering the ever increasing interest in multinuclear complexes forming
in solution and, especially, in multinuclear anionic complexes, we consider it
useful tc make a short survey of the results attained in this region of
investigation.

Polyborates. Figure 1 shows & group of curves [1], which are connected with
the reacticn B(OH) + (o)

On the axis of abscissas log h = log [H+], on the axis of ordinates, <, i..-.,
the average of hydroxyl lons which interacted viith 2 molecule of boric acid., In
this case Z is the average charge at a boron «tom,

In the most acid solutlions Z = 0Q; boron wholly enters in cowpcsition of
boric acid, In strongly alkaline aolutions Z = -1; boron ccmes forward in the form
of an ion formed by connection of one OH™ group to B{OH)3. tween them is an
area where an equilibrium is obviously established between the various forms of
boron compounds, All these data were obtainr? v us ~sveral years ago by
puientiometric titrating. By measuring the emf we ectablished [H+] ard by analysl.
we determined the quantity of reagent added to the solution. Consequently, it is
simple to calculate how much OH™ is combined with boron, and thus Lo chtain 2.

— ———————— > r— o

Iifter arriving in Lenlngrad in 1961 the known Swedish recearcher in the ropi-
of polymcrization of ions in solutions, : G, Sillen, read s lecture tc the ~hemins,
department of the Leningrad ftate liniversity about the lstcst riccesses in the
‘hemistry of complex compounds.

This article is a short ac-cunt of this iscture, a=miadbly piv-n by L. 5. Sillern
tc the editcer,
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Fig. 1. Experimental data of Zilog b tor
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L I :“.,‘, vte,  The enlon can be bQ,, ur H. oo, or I-i_.‘ v mtes b order to
-~ . : B

wtgrmine which of the above-ramed formui o sre corres U L0 1o pe e caery f Lo

sired o tavestyoatiosn.,

raenteenographiic nvestiparions ., 2} Loticatoa o v Coedmy b e L
Y and E-{"i:_fi"‘. - the cryatats, L, ., tries o Yool N T T S S
I Loren tetrehydrexiae, It was posgible 20 -~ onosr tie oo oty [T A U I

Cteron romplexes i soiutions with fipifrared sieoccre ol e o, ot At
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COn~lade i "3t 234058 $1 %07 T rtilrel tTress TeT I ®=lspes: - HT and

B(OH),. ~onsejuertl;, tre m.c® ir. tat.e rescticr wiil te

SI0M, + MO 0F° 4 BIONY . (1a)

Let us return to the curves in Fig. 1, At the highest concentrations of boron
the curves differ from the "limiting curve.” It 1s otvious that other compiexes
(polyborute anions) ere also forncj.

Chemical literature contains many assumpticns about formulas of polyborat:s.
Certaln autho.s consider that there are twc separate questions; what is the form
of the complexes and what is their durability. However, in cur opinion thesc two
questions are indivisible and they must be sclved together.

If we have o *vonsparent aquccus solution, then 1t 1s interesting to know what
complexes are in 1t? To solve this problem we tried many methods, both the most
contemporary and also old ones, For instance, for borates the lines of the Raman
spectra are too weak. We obtained good lines for B(OH)} and B(OH);; but the lines
of the new complexes are not distinstive, The application of nuclear-magnetic
resonance turned out to be useless,

For system of borates, just as for most systems, the moet reliable method
turned out to be the wethod of equilibrium analysis with the help of emf. With
such investigations, in our opinion, it 1s necessary to coms'der the following:
orie must make no prerequisites about formulas ol producis: ocne ieust keep the
ionic medium as constant as possible (this ensures a constancy cf coefficients
of activity, without which it is very difficult to obtair reliable conclusiors
about formulas of products); one must conduct the meacsuremenis and analyses as
accurately as possible; one must attsip as wide as possible & range of concentrations
of central group and H*.

Tungstenates. Figure 2 shows the corregnonding cuives during acidation of

tungstenate-ion {5). Along the axis of adbscismasg log h, is piaced: ol

FS228

N

;£ Aaxis
of ordinates Z, i.e., the number of HY hier ca the average resacted with every
anion 50;2. L« -248 the average charge at every % atom. Ir aixall solutions

% exists only in the form of Roi', 30 that € = 0, z = -2, The Alfferert curves
pertain tc different general concenirations of tungsten, iy mathematical analy=zis
of the data it may be concluded thst ir: these condltions orly one CCOZpieX witrn iy

atoms W and charge ¢f -5 will be 7ormed. The curves in Fig. @ are¢ calculav-d

assumming that only thi: reactiorn “<rurred
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SWO" +TH* ZHW,0F + 31,0. (2)

The experimental points, obtained by Sasakl from measurements of the emf and the
theoretical curves well coincide, It 18 necessary to note that such data are three-
dimensional. Two coordinates are Z and log h. Imagine that the third

coordinate is log B, where B is the general concentration of the central group,

i.e., [W] In this case these date present part of a three~-dimensional surface.

oou’
The problem consiats of finding such a theory, i.e., such reactions and such
equilibrium constants, .nat the surface calculated proceeding from this theory
coincides with the experimental data, From Fig. 2 it is clear that we managed
. to solve this problem.

d

Experiments show that if the segment of

the surface 1s sufficiently wide the solution
of the problem 1s almost simple, With other

complexes or other constants the theoretical

surface does not coincide witii the experimentsal

data, 1l.e,, in a projection such as in Figs. 1

Fig. 2. Experimental data of

z(log h), for oxidation of and 2 either the form of curves or the
‘B

tungstenates, Curves are distance hetween curves diffsr from the
calculated proceeding from
assumed reesction (2) with experimental dsate,

log K = 60.67 [5]. 1
It is possible to compare the "three-

dimensional data" with the "twc-dimensional,"
I1f there are measurements only at one concentration, the data are "two-dimensional,"
With their help it 1s also possible to exclude certein thecreticel assumptions.

There are also "one-dimensional data." Thus, e.g., if we change the composition

of' the solution and simultaneously measure some other megnitude (electirical
conductivity, viscoaity, s}ecific density, etc.), we will obtain a curve on which
sonetimes there is a clear break; 1n certaln cases we can assume a break., But only
result of such measurements 1s an approximate determination of the position of this
“reax. This 1s why I called such curves one-dimensional, If there is only one
compl: v and is this complex 1s mononuclear, then from the "one-dimensional data"
it is poasible to make a definite conclusion., But if there are many compiexes
ara if there are multinuclear complexes among them, then "one~-dimensional and two-
dimensional data" are insufficient for such a conclusion.

In the chemical literature contains a serles of formuias of cumplexes, wnich
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Fig. 3. Experimental data of Z(log h)_ for the
reaction VOE + OH”, Curves are calculated
proceeding from the assumption about the

formation of decavanadates with equilibrium
constants given in the text {6].
appeared on the basis of "one-dimensional" or "two-dimensional data,” dbut which
lose their value when "three-aimensional data" are used. This also occurs in the
case of tungatenates.
Regarding tungsten, it is possibl« *o add that reaction (2) is only the first
of the acidaticn reactions; equiliiriuw in it is rapldly attained. Upon adding a
surplus of acid and heating cther complexes are also formed, In the future we
hope to investigate them at a fLiigher temperature.
Vanadates. In strongly acid solution pentavalent'vanadium iz in the form of
a VOZ cation; vpon adding OH  an interaction occurs. Figure 3 shows the data F.
Rossotti and if. Recseciti [6]. As in the preceding cases, on the axis of
abscissas is log h, and on the axis of ordinates, Z, i.e., the average number of
OH~, combined with each vo; ion. At high concentrations of acid 2 = 0, i,e., there
is only vog. We can imagire that vog end OH™ form a neutral complex such 83, e.g.,
VOQOH or HVOB. This would eorrespond to 2 = 1, But with such concentrations this
is not observed, The curves attain 2 = 1.4, 1,e., 1.4 OH'/VOE without an

interruption; anions of approximately (Vx...)"o'“x

ere immediately formed.
Solutions containing these anions are orange.

Until F. Rossotti and H, Rossotti made this investigation, all textbooks
indicated that orange sclutions contained hexavanadates, i.e., complexes with € V
atoms, But mathematical analysis of the date showed that conformity with
experiment is obtained only if we consider that there are docavanadates with i0 V

atoms:
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WBVO +HOTHVLOE  * logX =878,
AVl 2 nv.of log X == — 3,6, (3)
HVob 2 Vol + H*  logK=—58.

Brito and Ingri continued the investigation of vanadates in more alkaline
solutiong [7]. Their data are represented in Fig. 4. On the axis of abscissas
is log [OH"], on the axis o ordinates is Z. Z is the average number of A = H+,
which reacted with each B = HVOE'. At Z = O we have "pyrovanadates" with charge
of =2/V; at Z = 1 we have "metavanadates" with charge of -1V,

. 2 The general formula of the
complex can be written
-t {m
! ] AgBgme(H*), (HVOL"),.
1.[ :.' From the data of Z({log h)B
: ) we can calculate the aversge
[ ] composition of complexes (p and Q)
-} 4
'ﬁﬁ without any prerequisites; the
' mathematical calculatior 1s simple
fig. 4. Experimental data of Z{(-log OH )E [8]. Figure 5 chows F and

for acidation of Hvoﬁ'. Curves are

calculated proceeding fror agsumed reations
and constants, given in text [7].

calculated thusly, The small
crosses correspond tc possible
complexes., Based on this calculated P, it may be concluded that at the highest

concertrations of vanadium the predominant complexes are
ABy = (H*)y (HVO! = V,08" and  AB,=H*{HVO!), =iV,0},

ir whicr a minimum quantity of water 1s assumed. All these conciusions are made
without any assumptions about the compositions of complexes. The presence of the
shown complexes was confirmed by more exact calculation crew and the follcowing
final constants of equilibrium were obtained:

V0L == HV, 0! + OH™ logK=-1318,

 SIVOL = V08~ + 30K~ log K =~ 10,42,
HYOU 4+ KO =H VO +0H  log K=~ 6.

The qguestion arises: why are just VDOB' and Hvaog‘ formed and not, fcr Iinstance,

3

ijog' and V20¢'? This formulation of the problen show: thet we ree:cne” by an

analogy with ithe chemistry of phosphorus. Phosphorus hes a colvdination number of

16
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4, Bo that Poﬁ', Pao;', PBOS-’ evc,, are formed, But for vanadium the coordination
number most frequently 12 5, Consequently, the Hvoﬁ' ion, in our opinion, is

more likely VOE(OH)E; from measurements of equilibrium in aqueous solutions it is
possible to conclude the number of V atoms and the charge, but it is impossible to
conclude the number of water mqlecules, so that the formulas Hvou' and V02(OH))"
cannot be distinguished. Thus, it is possible tc explain the two complexes

HV,03~ and V303°, L.e., (V0,),(OH)Z" and (V02)3(0H)g'; in the first complex there
is a OH bridge between the two VO2 groups; the second is a ring with three OH
bridges. However, these structures are hypothetical; their confirmation would

be of interest.

i * P Figure 6 shows the total the data of F,
Rossottl and H. Rossotti and Ingri and Brito,
A , . There are two regions: "VOZ + deca" and "meta-pyro."
z‘;zz““'v If we mix a solution correspc..ding to the region
Ea ’ "VOZ + deca" with acid or another solution from the
! P ‘e *s same region, then equilibrium is established very
T R 3 ] rapidly. If we mix a sclution from the "pyro-meta".
Fig. 5. Average composition region with an alkali or another "pyr--meta"
(b and Q) of complexes solution, equilibrium is also instantly obtained.
(H )p(HVou )g*

Between them 1s u region characterized by very
glow reactlions; we called it the region of
instability. If a solution is in this region briefly, then equilibrium is not
attalned; it may be that in this case a colloid will be formed. Thus occurs,

e.g., if a "pyro-meta" solution is mixed with a solution containing "VOZ + deca"
with an acid, We think that exactly this 1is the cause of the difficultles of
many previcus investigations,

Molybdates. Figure 7 depicts different curves obtained by Sasaki [9] from
measurements of emX and analyses., On the axis of ordinastes Z 1s the average
number of H' combined with each Mooﬁg ion., The average charge at each Mo,
z=Z-2, At pH > 8, Z = 0 and there 18 only Mooﬁ'. As before, the curves are
calculated theoretically, and the points are obtained experimentally. An analysis
of the curves (Fig. 8) shows that at the highest concentrations of molybdenum
basically ions with 7 Mo atoms are formed and that the (H‘)B(Mooﬁ')7 complex, i.e.,

Mo7og;, is especially stable, It is very probably that this is the same
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para-moiybdata, which Lindkvist found in structures of crystels {i0}.
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Table 1 gives those reactions which we concluded on the tasis of our data,
Here we glve the constants of equilibrium from article 19] end those constants

which we obtalned during treatment of wider material with help cf an electronic

=T
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i computer [11], Our date can be explained
' ‘;‘ 0 by assuming that there are basically
..‘. ‘ compexes with one or seven Mo atoms,
’ ;;°. g In our opinion, only in strongly acid ’
J.&-p .5‘” rate solutions are there cations with charge
..'° oo :: of +1; however, by this we still cannot
.! determine how many Mo atoms are in it.
H -5 ‘ . .‘:, ‘ At high concentrations of molybdenum !

- - there is a more complicated complex,
Fig. 8. Average composition p, q

4
of complexes (H') (Mocof‘) perhaps, Mo,gOg¢.

Calculated directly from experimental In the chemical literature various
data [10] according to method [8].

assume the following complexes: Moof',

4- 3= ‘
HMoOu, H Moon, M0207 R M°3°11’ HM03011, M°4°13’ H2N0u013, HMou013, Hhosoal, H2M06021 |
)(n-i)-

3- o 6- - - - 5-
H3MogO31, Moq057, Mogdogs Hy s (Moo, )1)", oy 19337, BoMog 077, HyMoy,03%,

H9M°240;é' Hen-i(ﬁcoh>;’ (HZMOOh)n' |

Table 1, Equilibrium of Molybdates According to [9]

and [11]
Resoiions g m g X )

Me0f" 4+ H =MMoO; . . . ... © K
oG, +M* M MO, . . . oo . ... .. - &
M0 4+ Mt Mo +410. ... . ... o an
Mook 4 Nt mitieofy .. ... “ LV1] »
ntaol + Mt MOl ... ... .. a7 T
M"’"’-M' also possible

and (MeOplgt* (Mm12...) cattons

undm“lplox............ - 8

Four of these formulas coincide with ours; the presence of other complexes
is not confirmed by our measurements; however from the investigations of the
Stockholm authors there are still new formulas: HM07052, H2Mo7o;§, ard H3Mo7og;.

The method offered by us allows conducting a certain simplificatiorn and
sampling of data in chemistry of polyanions.

Chromatea, Sasaki {12] thoroughly investigated solutions of chromates by
the spectrophotometric method and the emf method. Figure 1C shcws his results
(designated by points) obtained by the method of measuring emf (Z is the aversge

number of HY with reacted with each Croi' group). From an analysis of these data
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Fig. 3. Experimentel data for Fig. 10. Connection of the surface by
scidation of the Croi~ ion, Curves log B(log h); at constant Z. Curves are

theoretically calculatcd proceeding from
are calculated proceedingafrom the assumption that there are only
assumption that only HCr0, and comylexes B (boric acid), AB {monoboratie-
Cr20$' exist with equilibrium lon} and A255 (pentaborate-ion with charge

constants given in text [17]. gitgsgf[%ié Points designate experimental

Saski concluded the possibility of two reactions occurring and obtained equilibrium
constants for them; the curves in Fig. 9 were calculated theoretically, proceeding
from these assumptions. Almost the very same constants were obtained from the

spectrophotometric data:

Reaction log K
emf’ Sspectrophotometric
w*$col™ 2 noov 589 +002 59 £00
MO0y TG0 +H0  220+£005 2,18 +008

«Thiv, in a system of chromates we find namely those compiaxes, CIOE', Cr20$', and

HCrOE, whese existence was assumed by all authors.

In order to reveal the essence of some of our methcds we will return to boron,

The French researcher, Carpéni {13], noted that curves such as are deplcted
in Fig. 1 aporoximately correspond to Z = 0,4, It follows from this, according to
his assumption, that there are mainly polyanions of this composition, i.e., with
five B atoms and charge of -2, .t 1s not difficult to check the correctness of
such an assumption. The data in Pig. 1 present & three-dimensional surface; each
curve of Z(log h} is a cross sextion at a constant general concentration B,

Figure 10 shows crogs sections of the same surface B(log h)z at constant Z, It is

easy tc prove that if there are only three complexes, schematicalliy Bg, Bil, and
dg', that the totality of cross sections has to have the same form (curves in Fiy,

10). 1In the same case it would have been possible to lisplace theoretical curves




in such a way, so that they colncided with the experimental poinis., It is c¢bvious
that this 1is impossible, and, therefore, the hypothesis of Carpéni can be excluded.

From a mathematical analysis of our data it follows that is = R~ complex

and also complex with charge of -2, But the range of concentration for boron ‘ras

too narrow to finally sclve the question about the number of boron atoms; 3 or 4;

i.e., Bg' or Bﬁ'. Since the basic difficulty of solving this problem is connected

with the narrow range of concentrations, this question naturally appeared: why
not work at very high concentration of borate and use the actual borate 1nsteaa
of perchlorate as the ionic medium? This is the method we called self-medium )
(self-medium method).
At first we will mention the facrt that when a medium created by a neutral,

e,g., sodium perchlorate, is used the activity of [H20} and ions creating the
medium, e,.g., [N;] and {c1o;}, is almost constant, as a result of which it is
impossible to establish from measurements of equilibrium how many molecules of
water or lons creating the medium and in the composition of the complex. For
instance, the triborate ion with charge of -1 could have the general formula of
[(OH-)[B(OH)B]B-Nax(Clou)yﬁao]x-y'i. However, Na* and C10j are not an essential
part of this complex, This can be concluded from the fact that the same complex
and almost the very same equilibrium constant is also obtained in medium of NaBr
or KBr [14]. The quantity of H20 can be Jjudged by the structures of crystals,
where there is a BBOB(OH);' complex which corresponds to 2 = -3, If we now use
sodium monoborate, Na+B(0H); as a medium, the general formula of complexes will
be (H+)p[B(OH)K]q(Na+)x(H20)y. From measurements of equilibrium in a self-medium
one can determine only p, i.e,, the number of H' in the complex; the other
magnitudes (q, x, y) are not determined.

It i3 important to note that now we have possibility separate ions into
groups on the Sasia of the magnitude p, A group where p = 1, i.,e., & group with
one H' ion and an unknown quantity of B(OH); correspond to: boric acid, diborate
with charge of -1, triborate with charge of -2, etc., (8°, B;, B™, etc.). Ina
group where p = 2, we find Bt, Bg. BS, Bi', etc. Now it is possible to answer
which point of view 1s more correct: assuming B§° or Bf'. Cur measurements in
a self-medium indicate that protons, pessibly, come forward by pairs:

(M)s 4+ 30H™ Z2H,O log X =8.98 [Sin NeB(OM),].

N p—
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This means that tetraborate (2-) (p = 2) is mores probable than triborate (2-) (p = 1),
The magnitude of the constant of the essumed reation:

WO+ B0, (OH)T™ 4 30H™ Z4B(OH) log K=7,19

well coincides with that we obtained in a neutral medium log K = 7,10 (3M NaC10,)
(it 1s aifficult to expect then to be fully identical),

An analysis of data shows that in acld solutions and at high concentrations of
boric acid there is one more complex: either B; or Bg. We checked this assumption
by the LETAGROP method (this is program for an electronic computer, developed by
us in Stockholm). LETAGROP can be presented a8 & generalized method of least
squzres arplied when the functions are not linear and not even,

Table 2 gives the "best magnitudes" of constants and their average error, and
also the average error for Z obtained from the results of processing 180
experimental points (90 in a medium of 3M tlctclo,4 and 90 in a medium of
0.1M thlO,.). It is evident tuat the average error 1s less assuming Bg, and it
seems to us that this complex is the most probable (13].

Table 2. Equilibrium Coustants Calculated by the

LETAGROP Method from Data for Borates, According to
Two Different Assumptions

Meastions s % al a‘m.'
O 4 BOHy=H* +-BOH); . .. ... .. ~000010008 | 59N 0D
WONp=H* $ROVOM, +340 . . . .. —4000 2007 | 7383 50004
‘(ON\‘-N’+W°'¢L +I'50 ..... —~456 00 | 713720008
o(l) . (7] mie
o + im-n*+!(om; ........ —~ 0000 £ 0008 ~0.570 ¢ 0008
W(OHj e H* 5. BYOMOHI, + S0 . . . . . ~A00010008 | —7.300:0.308
sn(ou).-u'+3.o.(om. +00 .. ... ~ 480020007 | ~4TT22080
wWD ... et e et amn st

Thus, ‘ro@ Cur Jdata we concluded that in sclutlons ¢f borates therz are mair ly
polyanions: B;, B%’, and Bg. it is interesting these complexes whis
anciluded oh the basis of our data weres independently found in structures of
~rystals: ahos(OH)ﬁ' {15] and BSOG(OH); [16); however the third ejos(on);

{s not revealed in crystals while only B,Oy(CHIZ™ (17].
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QUESTION ABOUT PHASE TRANSITIONS IN SOLID BODIES
R. B. Dobrotin, A, V., Suvorov, and Yu. V. Kondrat'yev

The problem of phase transitions is one of the most interesting problems of
solid state physical chemistry. Besides the basic thermodynamic parameters of phase
transition (temperature, heat, entropy), the snomalous increase of heat capacity
near the phase transition and the observed in connzction with thie interval of
temperatures of transition has great value,

About the nature of the mentioned temperature inierval there are several
points of vie'. Certa‘:: authors explair it by the influence of impurities [1]
and others by the appearance near the trensition of different type fluctuations
or a large number of defects and so forth. In the last case the interval of rhas.
transition should be intimately connected to the nature of a given solid body
(2, 3). The spread of phase transition can be grcatly affected by the actual
method ci mweasurinrg heat capacity. In the litersture comparative.y iittle
attention ig paid to this factoer,

Tr.is work has “he goal of obtaining data adbout ‘hermal effect and magnitudes
of tcmperature interval of transition with the nelp of the ceicrimet: .- methoa,

As objects we chose halides of tungsten and tantalum, rai.er well atudied frcm
+he thermodynamic side and having temperatures of fusicn and phase traasitions in
the regicn of average temperatures.

The instrumer.t on which we conducted measurements is the usuaj type of
calorimeter of pulse heating with internal heater withcut sadiadbatic sheli. The

thermai impulse (4.5 tc 5.5 csl) lasted 30 ser, 7o decrease the heat radiating the




internal part of calorimeter was cvacueted to 10'5 mm Hg., The temperature o tue
thermcstat was supported with accuracy of 0.010; the rise of temperature in thv
maln perivd of the experiment was measured by a thermocouple with sccuracy of

0.005° and 41d not exceed 1.50. The result of every experiment corresponding to s

definlte initial temperature of the thermostat was the usual calorimetric curve:
temperature - time.

The investigated substance was placed in & soldered glass ampule with an
internal nocket fcr a heater, The application of glass ampule is explained by tLhe
specific charscter of the behavior of the investigated heat capacities of solid
bodies, Neveltneless, the more significant endotheimic effects accompanying phase
transitions in our instrument cculd be measured sufficiently reliably.

The preparation of W016 investigated by us was prepared by a known method [4]

and contained not more than 0.2% impurities, A preparation of TaClS, containing

not more than 0,03% impurities, was kindly given tc us by A. R. Kurbanov. The
ampules were filled in a vacuum, without contact with air. The suspension of the
investigated subetance weighed 5-10 g. "Chemically pure” KNO was used for

1 calibration, It was subjected to special purification and was heated for a long

tine in a vacuum to remove traces of moisture. ’

The results of experiments on w016 and

éh Ta.Cl5 are represented in Fig. 1. The ordinate
shows a conditional magnitude proportional to
. -~ ;‘;; heat capacity and including thermal values of

calorimeter in calories/degree, On the figure

: *7; one can distinctly see the anomalous heat capacity

; '5 [ A Rt

in the a-f region of transition of WC16 and during

Fig. 1. fusion of WCl6 and TaCl It is obvious that

59
the areas limited from one side by the line of anomalous heat capaclity and from
other by the continuation of smooth movement of curve have to give an absolute .
value >f the heal of phase transitions in calories, Inasmuch as the error of

oxperimental magnitudes in the region corresponding to a peak is sufficiently large,

¢~ obtain more exact data it 18 necessary to introduce a correction according to
:he melting heat of the calibration substance (the curve for E;NO3 is not given on
t}.» graph),

The heats of transition obtalned by the above-~described method are given in
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Investigated substance [Character of Heat of transitions

transition Our data [LIterary daia
o a=8 5.5 5.6 [4]
WClg o o « - v 0 0 u s fusion §,? 2.8 [4]
TaCl5 s e e s e e s fusion 8.6 8.4 5]

the teble, The table also contains a comparison with magnitudes known from the
literature,
As already noted, the question sbout the interval of temperatures in which an

anomalous heat capacity 1s observad during phase transition is of great interest.

A consideration of the process of heating a substance in an instrument indicates

the presence in the volume of the sample of noticeable gradients of tempersture,

At the moment of supply of therm:l impulse the heater brings the l&yers cof substance

nearest t¢ it to higher temperatures compared with the external layers,
Consequently, the lnitial temperature of the mentioned interval should correspond
to the state when the temperature of layer cf substance near the heater becomes
equal to the temperature of transition, The Tixed temperature of the external
surface of ampule can be much lower, Witk such a situation a small portion of
thermal impulse will be absorbed as a result of tranaformation of part of the
cabstance in the sample. With subsequent increase of experimental temperature
a larger and larger share of the substance will experience transformation, which
will cause an even more significant abvsorption of heat and corresponding lowefing
of temperature in main period of the experiment, Such a positicn and will se~u
like a growth of anomalous heat capacity. The summit of the peak in Fig. 1
corresponds to maximum absorption of energy of thermal impulse, and the extreme
high-temperature end of the "region of transition" corresponds to the moment of
almost full transformation of all the investigated sample.

It is necessary to note that in the short time of the main transition
(30-40 sec) in spite of the unbalanced conditions, the portion of the substarce
subjected to transformation could not return to the initial stete, Therefore,
the process of reverse transition (in particular, crystallization) accompanied Ly
liveration of heat occurred in the final period. Thil;&}rcumstance can be
confirmed by the difference in the rate of cooling of*falorimeter in the region of

anomalous heat capacity and ocutside of it, Figure 2 giyge the cooling constant of
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the calorimeter in arbitrary units demending upon the experimental temperature. We

see that in the region of‘phase transition the cooling constant sharoly drops,
which correspords to an anomalous rate of cooling of the calorimeter in the final
period due tc a delsy in the preocess of heat libersztion.

The above-atated conslderations indicate that
% snomaly of heat capacity near the phase transition may

be basically attributed tc the peculiarities of thermal

balance of the instrument.
transition fueion
QQ.’

-

Pig. 2.

It seems to us that this circumstance afrecting

the interval of phase transition pertains not only to
the method chosen by us. The same pertains to the
method of measuring true heat capacity in a calorimeter of continuous heating with
en adiabatic shell spreading from 15 to 100°, 1In certain cases 2 shift of
temperatures of the interval of phase transition occurs during heating and cooling
{7]. Here the appearance or the interval of transition can also be partially
explalined by the peculiarities of thermal balance of the calorimeter. Actually,
with a continuous supply of heat the appearance of temperature gradients,
especlally for the presence ol two phases, is inevitable. Nonetheless, it is
necesgary to indicate that in spite of this the heat of phase transitions measured
in such & way turns out to be correct, The fact is that the energy content
leading to full transtormation of the substance obviously, will not depend on the
thermal balance of the calorimeter, The difference will be only in the time
needed for transformation of all the investigated sample.

A qualitative appraissl of the temperature gradient in the ceicrimeter
during transition from a single-phase to a two-phase region cen be govten from
the magnitude of temperature trenafer a. As is knowr. s = 3/d.C, wnere 5 is the
thermal conduction of the substance, C 1s the specific heet capecity and 4 the
specific gravity.

Let us assume that 10% of a certain substance passed intc a nigh-temperature
“~rm and the heat of transition 1s equal to 20 kal/g. We cen assume that , and d
change not very strongly. However, in the case of formaticn of a new phase the
magnitude a, besides heat capacity, will also include &4H, the ~aithalpy of the
transformed part of substance, As it is simply calculated, the magnitude C will

be increased with the accepted assumptions by more than 10 times. This will

11t
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cdf}espond to a decrease of temperature transfer a also by 10 times.

The method of measuring heat capacity by periodic heating with an adisbatic
shell should give a minimum drop of tewperatures, Actually, sometimes the heat
capaclities measured by this method in region of fusion in general do give no
anomaly or "region of trausition” [8]. In other a cases sharp rise of heat
capacity in the region of fusion is nevertheless observed [9].

An analysis of the thermei balance in a calorimeter of pulse heating with
adisbatic shell showed that, as the boundary of phase transformation moves further
from the heater and the thermometer, a temperature gradient can appear in the
invectigated sample. When there are two phases in the calorimeter the final period
of the calorimetric experiment turns out to be distorted, which naturslly leads
to increased data on heat capacity. In our opinion, this circumstance can aliso
be one of the possible causes of anomalies of heat capacities,

In conclusion it is necessary to note that it 1s impossible to doubt the
objectiveness of the existence of an interval of transition and an anomalous
increase of heat capacity. However 1t 1s necessary to consider that along with
influence of fluctuation, defects or impurities, a large role can be played by
factors connected with the method of measuring heat capacity, especially when phase
transition 1s accompanied by a comparatively large energy effect,

The authors express deep gratitude to Prof. S. A. Shchukarev and Assoclatc

Professor G. I. Novikov for their attention and veiuable indications,
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ELECTROKINETIC PROPERTIES CF DEPOSITS OF COPPER FE.RROCYANIDE
OBTAINED IN DIFFERENT CONDITIONS

I, F, Karpova, V, N. Smirnova, and .. A, Fridrikhsberg

An investigation of the colloidal-chemical properties of ferrocyaniues [FTs]
(@ll) of copper and other metals 18 of interest in connection with the solution of
a number of problems, e,g., the separation cr heavy metals by the method of froth
flotation of FTs [1], the quantitative determination of metals throigh PTs
complexes [2], obtaining osmotic semipermesble membranes and others,

It is known that the composition and properties of copper FTs considerably
depend on the conditions of obtaining it [3], in particular on the composition of
reacting salts and the ratio their concentrations. An investigation of *ne
structurally-mechanical properties [4] showed that the anionic composition of the
initial solution strongly affects the magnitude of reaistance to shift by copper
FTs ashes,

The physical properties of the obtained ashes and deposits, e.g., their coler
and dimensions of particles, also change depending upon the conditions of
production, which is combined not only with structural parameters, but also with -
change in the composition of the obtained FTs. The composition of the solid phase
obtained in a surplus of copper lons is close to pure copper FTs, whc.cas in a
surplus of potassium ions mixed FTs of potassium and copper are obtaincd [5]. :
Between them can be a whole series of transition complex compounds, in many cases
unstable and transient from one state to another, Process of formation of the
solid phase 1s complicated by absorption of ions and molecules, which are in the

solution.
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All these circumstances, even at strict constancy of production conditions,
lead to our not always attaining good reproducibility of properties of obtained
dépositl, inasmuch as it is impossible completely to control the ratio of reagents
at the moment of formation of the solid phase,

There are also indications that the solid phase 18 not always uniform in
célponition ;nd, possibly, coneistsc of particles with different charge signs.

Thus, negatively charged copper PTs adsorbs not only cations, but also anions [6]
and cosgulates undsr the effect of both cations end anions (71.

In spite of the complexity of composition and insutrficient reproducibility,
nevertheless we can trace the influence of production conditions on the properties
of FTs. This work is undertaken to further investigate this connection, and namely,
to study the electrokinetic properties of copper FTs. In works on measuring the
(~potential of copper FTe by the method of electroosmosis [8] the production
conditions were not considered, In a work [9) studying PTs membranes on a collodion
basis was it is established that the anionic composition of solution renders
a considerable influence on the electrochemical activity of a diaphragm,
characterized by a change in the ion migrations number.

In this work we investigate the mangitude of (-potential and surface
conductivity of dried deposits of copper FTs depending upon production conditions.

The influence of composition and concentration of initial reagents on
properties of an FTs deposit can be subdivided into:

1) the influence of a surplus of one of the two ions forming the solid phase,
1.e., the potential-determining ions cu?t and [Fe(CN)6]h°;

2) the influence of the copper salt anion, not entering into the regular®
composition of the solid phase.

To study the influence cf a surplus the deposits were prepared by different
methods, A nu}plu. of [re(cu)elh‘ was attained by pouring a solution of copper salt
into a solution of K‘[P!(CN)G] of equivalent (type A) or higher concertr .tion
(type AA)., Deposition in surplus of Cua* was attained by changing the order of

puuring (type B) and also by increasing the concentration of Pn2+ {type BB).

lwe d1d not exclude the possibility of it entering the solid phase in the form
of some other inclusion,
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To study the anion influence the following copper salts were selected: Cusou,

CuCl,, Cu(CHBCOO)a, and Cu(NOB)e. Deposits were obtained by pouring equal volumes

of the solutions in the shown order with continuous mixing. After ripening of

deposit for 10 hours, it was flltered on a Buchner funnel and washed to the absence

of the surplus ions in the filtrate, after which it was dried at 7o°c to a constant

welght,

In a surplus of [Fe(cu)élu' we frequently obtained highly dispersed suspensions,

in such cases the dispersed phase was separated on a sharpless supercentrifuge.

The (-potential on dried deposits (powders) was measured in solutions of KC1,

HC1, and Cu012. In the first case we s*udied powders preliminarily treated by

a 0.2 n solution of KC1 (1.e., in x* forn), and also untreated powders; the

obtalned data almost did not differ, inasmuch as deposition occurred in a medium

rich in potassium ions., Measurements in HC1l eolutions were connected on powders

preliminarily treated with a 0,05 n sclution of HC1.

The {-potential was determined by the method of flux potential with correction

for surface cnnductivity [10, 11) in a 0.001 n solutions, and also by the method
of electrophoresis in 0.01 n solutions in the Chaykovskly instrument.

The data obtained for different samples of one type differ from each other

significantly more thun for separate portions of one sample, An exampl:c of

reproducibility of data is given
Tasble 1, Data of Parallel Measurements of

r-Potential (Millivolt) in 0,01 n HC1 " in Table 1.
(Electrophoresis)
The average (per sample)
: Portion
Type Sl ' T s values of (-potential are given
_A ] :1‘ ' -1 in Table 2 (electrophoresis) and

Table 3 (flux potential), The
pointer designates the order of
pouring. The title shows the initial copper salt.
A comparison of data in Tables 2 and 3, in spite of the difference in wethods
of measuring and insufficient reproducidbility of samples, allows us to make tue

following conclusions:

1, The magnitude of [-potential increases with decrease of concentration of
electrolyte from 0,01 n (Table 2) to 0.001 n (T.ble 3), i.e., the dependence of

{ on ¢ has a normsal character,
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Table 2, Magnitude of {-Potential According to the
Method of Electrophoresis in 0.01 N Solutions of KC1

and HC1l
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Table 3, Magnitude of (-Potential According to the
Method of Flux Potential in 0.001 N Solutions of :71
and HC1 (Concentration, the Same as in Table 2)

[ " Y [__-§ CaNN00,) Ca 300,
AA - - - . - -
3 1 il el el B A B
(RS 1R A P e = e

2. The values of (-potential in solutions of KC1 and 4HCl differ little from
each other. Thus, the durability of the tond of antions H* ana x* with negatively
charged surface is of one order, which is characteristical for ionites of the
strong-acid type.

3. In a surplus of CusSO, end CuCl2 positively charged powders are obtsained.
T111l now we ¢id not encounter indications of the existance of copper FTs with
.ositive charge in the literature.

4, The influence of the copper salt anion is expressed s strongly that it
suppresses “he influence of g surplus of the potential-determining ion, Cuz*.

In accordance with point & the investigated powders can be divided into 2
groups,. Deposits obtained from copper sulfate and chloride revea' a change in the
sign of charge, in accor.ance with the rPaneth-Fajans rule, whereas copper acetat:
and nitrate form negatively charged deposits with a stabile magnitude of [-
potential, asimost independent of the ratic of concentrativns of reacting lons.

For a check we odtained deposits at s ratio

QPO =8:1 gna W:L
the [-potential of these powders remained negative and close to the values given

in Table % for type BB,




A

Dependence of magnitudes { and a on concentration
of cu?t for a powder obtained frow CuSO, (a) and
Cu(N03)2 {b).

Thus, excess Cuz* ions either are not adsorbed on thase powders in general,
or after adsorption they depart from the surface in process of washing, drying
{the effect of 02 + C02) or the influence of the electrolyte, To analyze these

assumptions we conducted experiments on measuring [-potential in solutions of

For this different portions of one cample were processed (for several days’
by solutions of CuCl2 4+ KC1 taken in various ratios, but st identical total

~oncentration {1 molar eqv/liter). The data on (-potential (flux potential) and

surtfece ~onductivity in these solutions are shown in the fizure for powders of the

AA type obtained from sulfate (a) and nitrate of copper (b).'

An anaiysis of curves [-¢ shows that a change of charge aign, and consequentl;

also of C;Q* ions adsorption occurs for the powder obtained from nitrate, Jjust sas
for the suifate. Thus, the difference of properties noted above is apparently
sausid by the smaller stability of the cu“? fon on surface of dercsits ovtainesd

frcm nitrate and acetate.

‘Analogous curves were also odbtained for copper acetale.
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The character of f-c curves is like curves obtained for typical ionic crystals,
e.g., Baso, and Agl [10].

On curves of the dependence of coefficlent or effectiveness [11] on ¢ is
observed minimum in region of the isoelectrical point. For powders obtained from
Cn(ll03)2 the surface conductivity n, = (a - 1)x, disappears completely at this
point (a = 3, X, = 0) analogous tc that revealed in experiments with adsorption of
organic ions [12]. However, for powders obtained from CuSO, thc surface
conductivity does not disappesr (o > 1). Apparently, this testifies to
heterogeneity of the powder; in other words, at the isoelec:rical point part of
the particles (or sections of the surface) possesses negative [-potential and part
positive, and only the total effect gives [ = 0. Thus, the data on surface
conductivity are also revealed influence of production conditions on the properties
or FTs. '

The conducted investigation shows that the influence of an anio: of the initlal
copper salt is not limited by the degree of dispersiveness or structure of the
deposit, but changes the nature of surface layer, since powders cbtained in e Cu2+
surplus (types B and BB) are distinguished not only in magnitude, but also in

sign of [-potentisl.

Conclusions
1. Copper ferrocyanide powders obtained in Kki?e(CN)él surplus are negatively
charg=d in rolutions of KC1l and HCl.
2, The tharge of powders obtained in & Cuz‘ surpius depends on the anilon of
*he initilal copper salt, Prom CuSO. and Cu012 positiveiy, and from Cu(NOE_)2 and
CJ(CH}COOEE negatively charged powders ar-e obtained.
3. In sciutions of CuCl2 all the powders studied are charged positively.

%, 3urface conductivity attains a minimum at the isoelectricai point.
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SEPARATING AND IDENTIFYING REACTION PRODUCTS OF DEEP SPLITTING
OF GFRMANIUM BY FAST PROTONS®'

A. N, Murin, S, B. Tomilov, and I. A. Yutlandov

One of the besic pecullarities of the reaction of deep splitting is wide
distribution of products in A und Z. Therefore, in an investigation of similar
processes one encounters very complicated mixed radio elements. As a rule, several
radiocactive isotopes will be formed for each element, which substantically hampers
thelr identification and control of radiochemical cleanness,

In most pubiished works to separate the reaction products of deep splitting
the method of isotupic carrlers was wused; i1ts orly ccndition of applicsbility is
the presence of full and sufficiently fast exchange of the 1sotople carrier between
radioactive atoms and stable atoms. A deficlency of this method iz the duration
and presence of great quantities of carriers,

To separate the reaction products of deep splitting of germanium we applied
the method of lon-exchenge chrematography. This method 1s sufficiently fast «nd
a'! ow: us tc obtain carriler-free radicective preparations, which in a num
2a - 1s very significant. We separate radiocactive lsotopes of fcllowing elewments:
As, Ga, Zm, Cu, Ni, Co, Fe, Mn, Cr, vV, Ti, Sc, and X.

Ion-exchange separation of certain combinations of groups of elements of
interest to us 18 describsd in wcrks [1-10]. The chromatographic columns and
technology of separation we used do not differ from those offered by B, K.

preocbrazhenskiy to separate carrier-free radioactive elements [E].

Work was sccomplished in 1959,
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Exrerimental Part

A target 8 x B x 1 m’ wes prepared from metallic germanium of brand ["GD%)
("ra"). ZIrrsdiation was produced on an internal bundle of a [0IYal] (OyAM)

Joint Institute for Nuclear Research synchrocyclotron by protons with energy of

660 Mav fcr 45-30 minutes. BSeparation of the producte of splitting germanium was
executed on Dowex-1 x 10-12 anionite (or [AV-17] (AB-i7)) and Dowex-50 x 8 cationite
(or [KU-2] {KY-2)). The dimensions of resin grains is ~10 u. The columns had

a cross section of 0,04 cm2 and height of resin pole of 6-9 cm. The free volume

of the column was 3-4 drops. The eluant was distilled hydrochloric acid of
different concentration, passed through the column with a speed of approximately one
drop per minute. The drops gathered on the polyethylene bases and were dried,

after which their activity was measured.

Separation was conducted in the following way. The irradliated target was
dissolved in aqua regia. Quadruple distillation by bolling the solution with
concentrated hydrochloric acid ensured full distillation of germanium tetrachloride
[11-15]. The fullness of distillation was controlied by a colored reaction with
phenyl fluorone [16]. The germanium tetrachloride was gathered in ice water., The
acidity of the obtained solution was brought to 6 N on stou, after which germanium
was precipitated in the foim of a sulfide by hydrogen sulfide.

In experiments, which ylelded arsenic during distillation of germanium
tetrachloride a small concentration of HNO3 was supported in the solution to hold
the arsenlic in a pentavalent state. Presence of nitric acid in the solution does
not affect the quality of separation, After distilling the germanium tetrachoride
the solution was steamed to minimum volume, cooled, saturated by gaseous hydrogen
chloride and applied on column with snionite in the C1°2 form. The walls of the
column were washed severel times with concentrated HC1l, after which elutriation
with nydrochloric acid, whose concentration was changed in process of separation
a8 shown on diagram 1, started, As can be seen from the diagram, during the first
transmission of initial mixture through anionite fractlions of Ti, Co, Cu, and Zn
guantitatively separate,

For good separation of Cu and Co it is necessary to apply column not less than
u cw long. The groups of elements, Cr, Ni, V, and X and Mn, Sc, and As emerge from
the column at 12 N HC1l in pairs, not quite clearly divided, with peaks. The

activity of intermediate drops is caused by isotopes of vanadium., Therefore 1t 1s
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necoasary to purity the group of elements Mn, Sc and As [irom lmpuriiies ¢f V by

repeated transmission through anionite in the same conditlons,
Ni, V, and K was produced on cationite,.

dissolved in two drops of 1 N HC1l and applied on column with Dowex-50,

there are two possiblie variants of separation:

the column of 1 N HC1 chromium emerges already in the first free volume,

Separation of Cr,

For this the gathered drops were steamed,

Further

a) during transmission through

After

transmission of 10 free volumes of 1 N HC1l the concentration of the acld was

increased to 1.5 N,

With this V and K quantitatively were separated from Ni not

separated from each other; b) if elutriation is started with 1.5 N HCl, Cr and V

manage to quantitatively divide.
quantitative, can be carried out on cationite with the help of 4 N HCl.

The separatiorn of Ni and K, although not fully

The

- sctivity of the intermediate drops in this case is caused by isotopes of Ni.
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Pe and Ga, outgoing from anionite in one peak, can be quantitatively separsyted

irto cationite with the help of 7.5 N HC1.

Mn, Sc and As are divided into aniunite.




Al 2 ' Nuring elutrietion with 8 N uC1l net fully
quantitative separation of (¢ from Mn and As occurs,
Mn and As are quantitative 'y separated with the
help of 6.5 N HCL,

To 1dentify the sep.rated isotopes and check
their radiochemical cleanness their half-life
\\\J was measured on a [B-] (B-2) instrument supplied

Arvitrary units
Y
3

with an end-windew counter of the [MST-17] (MCT-17)

. typc snd their y-epectra were measured on a
,-spectrum of zine fraction. scintillation y-spectrometer with a Nal (T1)
crystal and [AMA-38] (AMA-3c) multichannel
analyzer, The half-1life was determined in this case ty the decrease in intensity
of characteristic j-lines. However, the complexity of isotope composition of
separated fractions frequently made deciphering the y-spectra very difficult.
To avoid poseible errors, on the basis [12, 13, 14, 17-31] a diagram of separating
the products of splitting germanium by the method of isotopic carriers (see
diagram 2') was developed. The coincidcnce of y-spectra of fractions of one and
the same element separated by two different methods and simultaneoue coincidence
of the obtained data with tabular are convincing proof of the radiochemical
cleanness of preparations, The table gives the iaostopes identified by us., All
preparations, except for chromatographically separated Fe containing an unidentifieu
impurity, were radiochemically pure. In the y-spectrvm of Zn fractions (separated
by both the method of isotopic carriers and also chromatcgraphically) a
previously unknown j-line was revealed with energy of 145 kev (figure)
disintegrating with half-life of ~#9 hours, which was ascribed by us to the Zn72
{sotope.

In conclusion authors express thelr deep gratitude to V., N, Pokrovekiy and I,
Yu. Levenberg, with whose direct participation the y-spectrometric part of the

work was aczomplished.

Conclusions

1. From a germanium target irradiated by protons with energy of 660 Mev

Fractions of As, Sc and K did not separate and were not investigated by this
method.
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we separated 13 fractions of elements, in which 34 radioasctive ierotopes were
identified (see table).

2. A disgram of separation of these elements by the method of ion-exchange
chromatography was developed,
3. In the y-spectrum of Zn72

(see table and figure).

a new jy-line was revealed with energy of 145 kev
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THERMODYNAMIC INVESTIGATION OF SOLID SOLUTIONS IN A
NaCl = KC1 - CdCl2 SYSTEM AT TEMPERATURES

OF 540, 580, 623%

M. M. Shul'ts and I. M. Bushueva
III. Thermodynsmic Properties ot Solid Solutions®

In the system we investigated as shown in [1], three-component solid solutions,
NaCl — KC1 — cac12 are formed; at a temperature ~6¢0% they endure stratification,
forming two fields of crystallization of solid nolutiéaa: ; end B (see Fig. 1 of
this &rticle),

The sim of this work is to
obtain the thermodynaamic
characteristics of these solid
solutions in the temperature
interval of 5%0-623% (t.e.,

lower and higher than the

critical temperature of
Fig. 1. ODlegram of soliduses and fields of

rrystaliization of solid solutions, LbL' is stratification). To solve this
<he length of liquidus curve at 5809C; k' ia
the critical temperature of stratification prodlem we used the method of

of triple solld solutions (~600°C}; K is the
criticsal temperature of binary solid solutiomns the third component {2], proposirs
:202%CY; L are binodals of two-phase
equiiitrium of solid solutions; 2 is the not a direct atudy of aolid
critical curve.

solutions, but an i{scthermail

vqullibrium analysis: wmelt — solid solution. On the dasis of experimentally

‘I and 1@ were published in the Herald of LGU, Ko. 22, 1963.
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obtained compositions of equilibrium phases and activity of one of the components
in the melt (third component, in given systenm, CdCIe) we calculated the activity
of ccmponents of solid solutions. All experimental results necessary for calculation
by this wmethods are given in our preceding works {1, 5]. Because of the specific
character of the applied method we could obtain data only for solid solutions whose
composition corresponds to isotherms of the surface of solidus line., Isotherms
of solidus line are represented in Pig. 1; curves S, - S; (540°), S, = sé (580°),
83 - s; (623°). Before discussing the thermcdynamic properties of solid solutions
1t 1is expedient to descridbe certain peculiarities of the .slope of curves of
solidus line. As can de noted, all investigated solid solutions contain comparitively
1ittle cadmium chloride (<5 molar %); therefore the solidus lines incline to the
NaCl - KC1 side. The maximum content of cadmium chloride was apportioned to
NaCl - 04612 solid solutions, i.e., the ends of the curves of solidus line rise towsard
NaCl - CdCl, (points S,, S, and S) correspond to 3.2; 2.6; 2.3 wolar % of CdCl,
respectively). All curves are curved towards NaCl — KC1; i.e., the molar share of
CdCl, on them passes through a minimm (points m;, By, and my). At 540 and 580° a
break in miscibility of components of solid solutions is observed (sections a; - '31'.’
8, - u; on curves 81 - 8;. 82 - s.l, respectively). It is necessary to indicate that
the break in miscidility of components of triple solid solutions, in spite of the
sinute content of (:elCl2 in these solutions, is observed considerably higher than tor
tinary solid solutione of NaCl — KCl. Por iriple solid solutions the critical
temperaturs is ~600°C; for binary 1t is 502°C [9].

Thus, upan introduction of comparatively small additions of 04012 in sclid
sclutions of NaCl —= KC1i the temperature of the start of disintegration of solid
solutions is increased by spproximately 100°C, which can testify to a considerable

change in the thermodynamic properties during Zormation of three-component
sciutiong, This is confirwed by the therwmodynamic data glven below,

The activities of components of solid solutions were calcuisted according to

the following formilas:

§-- | FEffae
TR =2




\ :
where x\ K’ are molsr snares; a&‘/ is ectivity of components (sub i designates:

!
1 - nNaCl; ¢ — KC1; * ~ CJClz; super (X} marks the phase; 1 — solid solution; 2 ~
melt).

In calculating the activities of cowponents of solid solutions, and also other
thermodynamic functions (i ASe, Mg a8 standard (or initinl) states pure solid
substances of NaCl, KC1l and CdCl, were accepted at temperatures of 540, 580 and
623°¢. Equations (1) and (2) were integrated from values of variables for blaary
systems of NaCl -- CdCl, (during calculation of a{i}) or KC1 - CdCl, (for calculation
of aéi)) to values of variables corresponding to a three-component system. In
equations (1) and (2) on the ‘eft in the denominator the asterisks designatc
activity of ﬁaCl (a&l).) and KC1 (aii)') relative to the solid phases, which are in
cquilibrium with binary melt NaCl ~ CdCl2 and KC1 - CdClz. However, from binary
gaturated melts NaCl - CdCla'and KCl - CdC12 not their pure components NaCl and ¥C1l,
but their solid solutions with CdCl2 including comparatively small quantities of the
latter, crystallize. Therefore in calculating the antivities aii). and aél)' could
not be equated to unity as in othcr cases of application of the method of the third
component {4, 5], but with sufficient accuracy could be accepted by equal to molar
shares of NaCl and KCl in the appropriate binary solid solutions, being in
equilidbriuz with binary melts (of” =" and 4P «4¥), With the above-indicated
sclection ot the standard state, pure solid substances, further thermodynamic
calculation for components Nali und KC1 did not cause difficulties, since at the
shown tes® temperstures these substances are solids, <Calculating the activities
of Cd-’:l2 with analogous selection of standard state was rather difficult, since
at the test temperatures of 580 and 623°C this component is liquid
(tqp Cacl, = 568°7), At a temperature of 540°C, lylng lower than temperature of
fislon ¢f cadmium chloride cadmium, it is possible to directly take as the standard
stat= for :dCl? pure solid CdCl2 for doth the liquid and also the sclid soluticn.

1n trls case according to the obtained values of enf of the elewent
©8) M) —~ RQ — COCK] Oy (C)

tne alstivity of CdCR2 {n 1iquid and sclid phases can be calculated by the equation
Nl'-h"-!-i‘lv. (3

where EO is the emfl of the eiement containing & melt as electrolyte in egquilibrium

witr pure 3011d cadzium ~hiorlde; 7 pertains *o any welt inclullrg the welr in
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equilibrium with the solid solution [2]. At temperatures of 580 and 623°C Ey in
equation (3) pertaing to pure liquid CdCl,; therefore at these temperatures a
correction was introduced 1ln values of Cd012 activity to obtain data pertaining to
the selected standard state, solid CdCl, at 580° and 623° (nypothetical state),
This correction, which wae considered as the difference of chemical potentials of
gc'id and liquid Cd012 at the appropriste temperatures, was calculated by the

equetion

L-4
u@_-ﬂ-——,r—-_-n):mr. (4)
where ASO is the difference of entropy of CdCl2 in liquid and solid states, which
does not very sharply change with temperature, therefore we took ite constant

and equal value, corresponding to the temperature of fusion [6]

8908 ¢al
- .

e

With this approximation the correction Aug at temperatures of 580 and 62300 is
-76 and -347 cal respectively.

The values of activities calculated by formules (1)-(4) and corresponding

@

coefficients of activitles (ﬂ“-n;F) for different temperatures are represented

in Tables 1 (540°C); 2 (580°C): 3 (623°C) and the activities of all three
(

h

componernits ¢ a function of the compositiion of the s-~1id solution T A

are

shown in Fig. 2. The components NaCl and KCl, us can be seen on the figure, reveal
puositive deflections from the ideal at all temperatures, On the activity curves

at 540 and 580° regions of break in miscibility of components of solid solutions
{dotted lines) are visible. At 623°C the activity curves of all components have

2 ontinuous slope, but reveal an evident tendency to form a horizontal site,
corresponding to an approach to the critical state, In general, for a three-

ﬁ component cystem the appearance of horizontal tangent to the'activity curve of a
£'ven component at spproach to the critical point is observed in the section
cotresponding to a constant ratio of molar fractions of tne other two components

(;5:)2-00 and (55;)2-00 | ()

-140-
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Tor kaCl and KCl respectively. We
consildered the slope of activity curves
wecording to isotherms of solidus line,
However, they do not deviate very
gtrongly from the corresponding secant,

it is interesting to note the certain
pecnliarities of the dependence of activity o
of NaC. on composition. On the activity
curves of sodium chloride at all
temperatures an exctremum (swiag) is
A
:?7

composition of the solid phase corresporis

observed when %;z , 1.e.,, the

ey YL 14

to a node which coincides with the s-cant
outgoing from summit of NaCl {2]. On
activity curves of CdCl, at 623°C there

is an extremum corresponding to a minimum

. 1)
) - . . of Cd012 activity, when ;;—,-,=-@ . The
’ o & s T 1

"gti. insignificant increase of NaCl activirty

observed In the region of small additiorrs
Fig. 2, Dependencz of activities of

NaCl (a&i)). KCl (agl)), and of K01 can be explained by the followvus .

CdCl2(a%1)) on composition of solid With increase of KC1l concentration ir tiu

solutions ard temperature, 1 — 540, solid soluv.ons the CdCl, decreares {1t
2 = 580, 3 — 023°C, <

comparatlvely small changce ot NaCl
concentration), as can be seen from the slope of the solidus 1n the corresponu..
recion of the composition {see Fig, 1), We can assume that in structure of « i
solution first of all Kt ions replace Cd2+ ions; with this th¢ concentraciocn o
defects in cation lattice points should decrease. This probably leads to cortsin
doagkendng of the bond of Na' ions in the structure and to = corve sponding iner- o
ot NuCl =actlivity. Actually, with decrease of concentsntion of delfects the
shielding oi charge of Na+ ions by catlion encirclement will be increased, Wwhern o
consideratle purt of the Cd2+ lons are repaced by k¥ ions turther ircrews

content in e solld phase is accompanied by 2 covresponding e cictue 9




concentration and u decrease ol 1us activity, As can be seen from Fig. 2, on the
activity curves of KC1 at 540 and 580°c there are sections which, one would think,
have to correspond to negative deflections from the ideal for this component,
which could 3ignify a strengthening of the interaction between components in the
sollid phase., However, this has to affect the behavior of the other component, NaCl,
1.e., and for it there should be a region of negative deflection, which in reality
1s not observed., Such "anomalous behavior of potassium chloride most probably is
combined not with an increase in the strength of the KC1l bond, but is determined
by a very short increase of NaCl activity, which according to the correlation of
activity by the Gibbs-Duhem equatio: hould iead to a sharp drop of activity for
KC1l (activity of the third component, CdClz, changes little in this region).

For many systems an increase of temperature leads to a decrease of deflecticas
from the ideal, In the solutions we studied we observed the reverse regularities;
an increase of temperature leads to a considerable increase in the coefficients of
activity, and also in the activities. Analogous regularities are observed for &
whole series of systems; methyl alcohol -~ water, ethyl alcohol — water,
triethylamine ~ water, diethylamine — water and others [7]. Such uniqueness of
behavior of systems also affects other thermodynamic magnitudes: AN<O, TaS™<O0,
AH>TAS™ , therefore 490™*>0 . We will not discuss these thermodynamic functions
for our investigated system.

According to the data for activities of componenis we calculated the change

of isobaric potential (id,,) and excess values of this function by the equations

.
%-Rra&hq.- ) (6)
-Aozpnrgz.hj.. - (7)

The calculated magnitudes of Ad, and 40%, are represented .n Tables 1, 2, and 3

and the values of &A@y, at 601.5°C are given in Fig. 3. As can be seen from Fig.

the curve of AO‘ built as a function of composition of solid phase ;'n-‘f—gn-

nas an assigmetrical form. Actually, A¢Ss grows fasta2r with substitution of kt
ions for Nat ions in the NaCl grid and slower with subsatitution of Nat fona for
x* 1fons in the KC1 grid, which can probably be combined wita larger difficulties
when substituting larger K' lons (1.33 g) into the grid of smaller Na‘t ione (0,38 X)

thnan when substituting smaller ions for larger, Calculating the entropy (AS) and

4
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entnalpy [AH) in the formed solid solutions

was rather Jdifticult in our case, since we

ﬂsr could not carry Lhe values of Ad at various
g temperatu 'cs to the same compositions of
solid solutions, Therefore we found
approximate values for AS based on calculation
of entropy of lormation according to the

f~11~wing tc equation;

' e [90® _ | ne _| (e x
Pig. 3. Dependence cf M™437as™, an as w);.r.:..a.= (—"-) A Ii(‘-;lr’-).,r..“

on composition cf solid solutions "75“
(t° = 601.5%C). 1 — sems ; 2 — AH; ' _
3 — re, lli“) (:;») o 81
x\7r) ot —n-“,_(vr ol (
T &y
where
N 1
(&)  -w-wm=ra
4 '

»h- T
80 .
() | =a—sm=rrndy
» Ey
e
and calculation ¢f magnitudes 8#,, by the equatl
AH =49 4 T8S. (9)

The calculated values of 45, 4M,, and A4S, at €01.5°C (mean value of the temperature

interval, 580-€23°C) are giver. in Tablc 4 ana ‘4. 3.

Table &
o | | @ | [ |
§ g8 | =B | 222
4« 0 146 " LY
Y] ne by - -
§ e 70 L o | e
= Y n B2 | o | @ | e
- e 5 N - - -

It i3 necessary to note the very complicated charscter of the dependence of

thermodynami~ functions on composition, which siynificantly aistinguishes the
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investigation three-component solutions c¢f NaCl — KC1 ~ CdCl2 from the studied
earlier binary solid solutions of NaCl — KC1l (in spite of the comparatively small
concentrations of CdCle, up to 5 molar %). To compare the properties three-
component solid solutlons with binary solutions of NaCl — KC1 Fig. 4 gives the Ay,
of blnary solid solutions., It 1s possible to note a small scattering in the
magnitudes of AMe, for NaCl — KC1 bilnary solid sclutions for the same compositions
of s0lid solutione determined calorimetrically by different authors [8, 9, 10].
This scattering is probably explained by incomplete homogeneity of the investigated
samples, A deficiency of all works is also the following; in the shown works all o
samples were prepared by homogenization and annealing of solld solutions at high

temperatures 500-600°C with their subsequent hardening by cooling to room temperature.

Thus, when the vibration component of the energy of formation of solid solutions

is 25°C, the configurational component of the energy is the frozen equilibrium at
a temperature of annealing. This fact should affect the magnitude of AH, of sclid

solutions. The most reliable the represented data, as it seems to us, are the

data of Barret and Wallace, Lister and Meyers [9, 10]. The works of these authors
have great thoroughness during preparation of samples and fulfillment of the
whole experiment, The results obtained by authors [9, 10] pertain to binary solid

m ne e g e T

gsolutions of NaCl — KC1l which are formed at 630°C with an endothermic effect,
Ovr data pertain to the formation of triple solid solutions of NaCl - KC1 - CdCl
at 601°C, but with an exothermic effect.

S
Besides the experimental data on heats of }

St - S

formation of solild solutions, above considered,
Fig. 4 also represents the results of theoreticsal |
calculation of heats of formation of binary

80lid solutions obtained in examining a

definite model of the formation of solid solution

of halides of alkaline metals [11-13], There

are calculated data of Wasastjerna and Hovi,

obtained assuming free distribution of ions in

n e l: w
soler € 8L solution, and corresponding magnitudes fur ;
Fig. Y. Dependence of aMg oOf solutions in which local order in distribution i
binary solid sciuticns of of lons is assumed. It is possible to note that -

NaCl -~ KC1 on composition. -
the data Barret and Wallace are nearer to the

<1442




magnitudes of heats of formation obtained assuming the existence of a partially
ordered solution ("local order"), However, tne calculated values are higher than
entropy of an ideal eolution, whereas for existence of local order in sclution there
have to be negative deflections from thz ideal (according to the theory of
Wasastjerns). Such high values of entropy of formation of NaCl — KC1 solid
solutions can be a result either of the existence of a large number of defects,
disturbances in crystal lattice of solid solutions in comparison with clean salts,
or can be combined with a change in the vibration component of entropy during
formetion of the solid solution. Comparing the data of pyonometeric and X-ray
densities for these solid solutions showed that in the studled solid solutions
the number of Schotiky defects is very great (up to 1%). In theoretical calculations
of entropy of formation of solid solution with a grid having Schottiky defects,
Barret and Wallace confirmed the assumption of these authors about the presence
in investigated solid solutions of a large number of Schottky defects,

It 18 useful to discuss our results being based on certailn general assumptions.
As follows from the diagram of the state of the investigated system and with even
greater definitiveness from the data [1] and above mentioned dependencies of
activities on composition of solutions, the third component evokes stratification
of sclid solutions and increases the critical temperature of stratification.

8ti11 M. S. Vrevskiy [14) showed on a series of examples that this effect of the
third component can be connected with the specific interaction of the introduced
component with one or both components of the binary solution. This position was
also discussed on the besis of thermodynsmic consideration of the problem. In
particular, Prigogin and Defay, (45 on the basis of general positions of
thermodynsmics and the theory of regular solutions showed that the third component

increaaes the critical temperature of stratification 1f it is much better disaolved
r

in one of the components of the system than in the other., In this case (i;):»O,

at comparable solublility (§)<0 They affirmed and illustrated a series of

examp.es of the generality of this position. In our investigated system the above-
indicated regularities are confirmed, CdCl2 will dissolve better NaCl (xgx) = 0,030)
than in KCl (xgi) = 0,007); an increase in tne temperature of stratification of solld
solutions is observed. In the recently carried out work of A, I. Rusanov [16] four

a phenol — water system it 18 shown that upon introduction of a third component,
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isopropyl alcohol, more strongly interacting with water than with phenol, an increase
of the critical temperature 1s also observed with growth of x3. An essential result
of this work is the following; it showed that with movement along the critical

curve from lower temperature (for the binary system) to higher temperature (in the
tertiary system) the excess free energy of the critical phase increases and the

derivative (%)>0, as in case of our gystem too.

In accordance with the general) assumptions of the effect of the third component
on stability of binary solutions it 1s possible to consider that introducing
CdCl, into a NaCl — KC1 structure leads to tne establishment of "local” order,
since due to predominant interactions of CdCl2 — NaCl and CdCl2 - KC1 the
appropriate quasicomplexes are formed in the structure, (In this connection one
should note that anslogous compounds are formed in binary systems Cd:Na, 1:2;

Cd:XK, 1:4, 1:1,) The establishment of local order should lead to a decrease of
entropy, as was observed, However, apparently, here not only the configurational
component of entropy, but the oscillatory compconent play & significant role. The
essential role of change in the energy of interaction during formation of triple
solutions is obviously indicated by the great exothermic effect of the formation of
solid solutions, which, furthermore, can be connected with the formation of
complexes. Among the components of AMs, are both the component of AMg, corresponding
to compiexes and the AH of disintegration of binary solid solutions.

Thus, our obtained data, characterizing the thermodynamic properties of three-
component solid solutions in comparison with data for binary solid solutions,
graphically testify to the considerable influence of introducing even small
additions of a third lomponent (CdClz) has on the properties of solid so'ution,
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AMPEROMETRIC TITRATING CERTAIN CATICNS BY TRILON B WITH
REVOLVING MICROPLATINUM ELECTRODES

L. S. Reyshakhrit, M, P. Pustoshkina, and
2. I. Tikhonova
In polarography and amperometric titrating in recent years a new class of
complex formers, known under the name of complexones, has found application [1}.
Applying complexones, in particular trilon B, in amperometric titrating us-:s
a revolving microelectrode [1, 2, *].
This wcrx sttempts, using trilon B as a reagent, to conduct amperometric

titratings witn revolving micropletinum electrcde of Sr2+, Ca‘+, H32+, Cu2+, and

§i£+ salts and alsc molybdates, tungsteriates and chromates.

Methoa. Measurements were conducted on the usual golarographic installatior
with revolving microplatinum anode at given vaiues of electrode potential and
temperature, All readings of current and electrcde potentisl were conducted
visuaiiy., Current was fixed by a galvanometer wit:; accuracy of :{.01 microsmper-
potential Jdifference was fixed by a voltmeter with accuracy of :g mililvolts, the
spred of rotation of electrode was measured by & tachometer. All values of
put-ntiajis relate to a calomel electrode with satursted sslution of KT: at 2ctC.
Thu elect-Colytic cell was open with capacity of 150 ml, Electrodes were of two
Tarzs; %) s piatinum wire 4 mm long soldered in a glass tube; b & platinum disx
with ares Of O.1% :ne scliered in a glass lube,

Results of experiments and thelr discussicn. In using trilon 3 as a rragent

¢ w85 NEJe8SAry 10 preliminarily remove polarizaticrn curves of =ncdic oxidatlion

Sf erlion = on 8 reveolving 3disk nrd alcropiatirus sncdes in surplur of inert

L
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electrolytes (a) 0.1 N rm,‘no} + NH, OH pH of the
solutlon 8.2-10; b) 1 N KNO4, PpH of the solution

~5.T; c) 1 N m, + HCl, pH of the solution 4-5)

at different speeds of electrode rotation and different

concentrations of trilon B. On the basis of the

' obtained experiwental data it was established ' t
Fig. 1. Polarization trilon B, oxidizing on the platinum electrode, gives
curves of oxidation of
trilon B on s revolving polarization curves with a clearly expressed region

electrods, Background,
1.0 3 KNO,; ¢ = 25°C;
m = 880 . 1= 5-10'5; 0.7 v in & solution of 1 K m, and at 0,85 v in an

of limiting current, which starts at potential of

P =110 5 3 - 1570 asmonium background (Fig. 1). Obtaining of well
¢ = 2107 gemole/liter of
irilon B, reproducible polarization curves with clear site of

limiting current is attained cnly upon heat treatment of the electrode in flame of
a burner before every experimeni. V. L. Kuvuwyev ana F. P, Kvashina {3],
measuring polarization curves of trilon B in approximately the same conditions, did
not obtain clear limiting currents on polarization curves. Apparently, before
carrying out the experiment they insufficlently thoroughly purified the electrode

surface,
ua
Prom Pig. 2 it follows that the magnitude of
/ limiting current i{s directly proportional to the square
” root of the speed of rotation of the disk electrcde,
i ) This allows us to consider that for a rate of the
[ J
7 process of anodic oxidatlon of trilon B it is possible
¥ig. 2. Dependence of to apply V. G. Levich's equation of convection diffusicn

limiting current on

A, ‘qumm ovso?
s-mole/liter; t = 25%, experimental date (Figs. 1 and 2) sllow us tc make
background — 1.0 ¥ P.'NO}.

for a revolving 4isk electrode [%]. The obtainea

the conclusion that the rate of ancdic cxldstion of
trilon B ia limited by iis diffusion to the electrode at potentials luarger than
+7.7 v, 1he otserved linear dependence detween trilon B concentration in the
co.ution and imiting current i{n the interval of potentials from +0.7 to #3958 v
(Fig. 3! aliows us to apply trilon B as & reagent in amperometric titrating,

The titrating of certajn {onsa ty trilon B In tnree inert electrolytes

was acoomplished:

a} on 8 buokground of C.1 N RH,NC, {pH of the sclutiorn, £,2-10) at electrcde

AR, Soiotran woetpir > - =2
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Fig. 4. Curve of
amperometric
Fig. 3. Dependence titrating of a
of limiting current on solutin by trilon
trilon B conctration. B. Background —

Background — 1 N KNOB;

t = 25°C; m = 880 rpm;

P = 400V, *  trilon B 0,01 m;

t = 20°C,

0.2 N K'HO); Nen =S V;
imo001 N NiSOu;

. B T o VLD

potential of +0.84 v; the speed b

of its rotation was eqial to 700 :

rpm and t was 20°C; the cations

were Sr2+, Ca

L]

2+’ and M82+5

b) on a background of

0.2 X KNO, (pH of the solution

~5.7) at electrode potential of

+0.85 v; the speed of its

rotation was 880 rpm and t was

20°C, the cations were Cu®*, i

2
UO“

©, and Croh-.

¢) & solution of H7{P(H0207)6] on & background of 0.2 N !(NO3 + HCl (pH or

the solutlon, 4-5) at electrode potential of +0.85 v and temperature of 35-40°cC,

Tatle 1, Amperoetric Titrating of a Sr(ﬂoj)2 Solution

by Trilon B
=, ag Nelative | pit of W, 83 I mlative pH of
error in tne srror ir the
tascen £ sumdt % wdium taken faurd ned i
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B8 i35 g ¢ |8
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The form of curvee of amperometric titrating is depicted 1a Fig. 4.

Satisfactory results were cbtained during amperometric titrating oy Sr2+,

P+ 2+

Cu ', h12+, and Mo saits, The results of experiments are given in Tebles 1, 2,
and 3 where the mean values from 3-5 determinations ure given, Auwperometric
determinatioun does not yileid in accuracy to the data of A, I. Busev and Chzhan Fani
[5], developed for amperometric titrating of MOG‘ with a mercury drop electrode.

As can be geen from the tabular data the error ir. the determination is from 1%

to 17%.

The datva ~n auperometric titrating of Mg2+, Ca2+

, woﬁ', and Cro§” salts did

not give satisfactory result: ané require an additional thorcugh cneck,

Cenclusions

1. It was determined that oxidatlon of trilon B on a revolving sumooth
: 'atinum anode in solu icns of 0.1 N NHhNOS + NH, OH (pH 8 1-10) and 1 N KNO}

(pH ~5.7) ie liwrited by diffusion at electrode potenzials more positive than +0.7 v
and +0,85 v respectively.

2. Is shown the possiblity of carrying out amperometric titrating with a
micrcoiatinum anc ‘e of Sr (NOB)Q solutions on & hackground of 0.1 N NH,NO, + NH,OH
and CuS0), NifQ,, H7[P§M0207)6] on a background of 0.2 N KNO3 with application
of trilon B as tne reagent,

In conclurion w2 express gratitude tc Ya., V, Durdin for valuable council and

indications.

Sommacy

As tave..g.tion of the oxidation process of irylnne B has been carrled
out o rotating sum arcdes In solutions of 9,1 n NH,NO; + NH,OH
(PH=8.3-100) end ) m KNL. ‘;H-»57; st 20°C. The oxidation rate
% detcrmined by ditiusion st ¢ .cntials more pcstijve, than + 0,7 ©

and 4088 v reapectively.
D&MMF:“M %aulblmv of smpcrometric titration with @ mic-

ropiatinum r ¢lactrode of St(NGC,), solutions against 0,1 n NH,NO,+
+ NH,OH tnd thoee o1 CuSO,, NISO,, Hy [P (MoyO;)| — against 0.2 n
KNO, with the comtests of Sr. Cu, Ni and Mo from 025 to 70 mg
neing trylone B, (inglieh sumary]
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% OXIDATION RATE OF COPPER DURING BRIEF HEATING TO
| HIGH TEMPERATURES

i V. I. Tikhomircv and E. I. Korytkova

In studying the oxidation rate of metals and alloys one usually conducts ? k

é experiments in isothermal conditions, controlling the weight gain of samples or

growth of thickness of oxide layers. On the basis of the obtained data one can Cod

determine the character of the time dependence and magnitude of the oxldation rate i !
5 constant, By conducting a serles of experiments at different temperatures, one

can determine the dependence of the constant of the reaction rate on temperature, !
; The duration of heating in isothermal conditions 1s selected sufficiently great,
so that the period of temperature rise and cooling does not essentially affect the
experimental results. However, such a method does make it possible to study the
initial period of oxidation, occurring in conditions of increased temperature,
Furthermore, this method is also not suitable for the study of oxidation kinetics
i during brief heating to high temperatures, Placling before ourselves the goal of .

investigatirg the oxidation rate of metals during dbrief heating to high temperature -,

, we developed a method of determining the basic kinetic parameters accordireg to
f . experiments on oxldation in conditions of variable temperature,
! It is known that oxidation of metals and alloys usually follows either a

i
t
logarithmic law, observed mainly during oxidation at comparatively low temperaturez. %

or a linesr or parabolic law, Significantly less often a more complicated

dependence of oxidation rate orn duration of oxidation is observed, i !

The linear or parsbolic law of oxidation can be prezented in the form of : i

following equation: P
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o (1)

2

where q 1s the quantity of o:ygen, reacting with metal calculated on 1 cm” of
sample surface; T is the time; n 1s the exponent, equal tc one for a linear dependence
and two for a parabolic dependence; k 1s the rate constant depending on the

temperature of oxidation,
h=Aexp{—EIRT), (2)

where A is & constant, not depending ¢n temperature; E is the activation energy,
T is the tempersture; R 18 the gas constant. Putting in equation (1) instead of

k its value from equation (2), we will obtain

Ci@M)m Ag-titigy, (3)

Parameters n, A and E can be determined on the btasis of carrying out
nonisothermal experiments, Let us assume that three experiments differing in

conditions are performed; for these tests it is possible to compose the following

equations;
d(6f) = Ac—Bttgs, it
4 (of) = A"y, §2§
dugn-Acﬂl"lg

with T = £(1).

In equations (4)-(6) 9, qp» and a5 are determined experimentally. For all
three experiments also the dependence of T on 7 is also determined experimentally
tinroughous the process,

Integrating these equations within limits of change of q from 0 to q, and T

from O to Te» We will obtain

gg-asru'«, (7)
g-a}'r-f't-. : (8)
¢-4'Irw« | (9)

Designating the integrals in equations (7), (8) and (9) respectively by
Lo ®2, and 03, dividing term by term equatlon (7) by equation {8) and equation
(7) by equation (9), and finally, by logarlthmizing the two obtained equatlions,

we =11l have

sed=ug. (10)
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agd=gl. (11)
One can determine the values of integrals 01, ®2, and ®3 graphically with

the help of the curves of the dependence of e'E/RT

on 1, which, in turn, are
constructed on the basis of graphs of the dependence of T on T.

However, the magnitudes of ¢1, 02, and 03 will depend on the values of E
selected curing calculation. It 1s possible to show that in sufficlently narrow
1imits of change of E the dependence of 1lg ® cn E can be approximately presented

in the form of a linear equation

gO=a+IE. 12)
Thus, by determining the values of integrals 9,, ¢2, and ®3 for the two given
extreme values of E it 1s possible for each of these magnitude of ¢ to determine
the dependence of 1g ¢ on E in the form of equation (12). Putting in equations
(10) and (11) instead of 1lg ¢,, 1g ®,, en. 1g ¢3 the expressions in the form of

equation (12), we will obtain

sgL=a—ath—NE, (13)
sgdme -+ —HE. (14)

In system of equations (13) and (14) the unknowns are only the magnitudes n
and E, which are easily found by solving this system of equations.

The value of magnitudes n and E can be found without resorting to the
approximate equation (12), For this the magnitudes of &,, ¢,, and °3 must be
determined not only for extreme values of E of the selected interval, but also for
a seéles of intermediate values, and the whole solution must be produced by
graphic means,

Certalnly, strict application of the described method of determining the
parameters of the equation of oxidation rate is possible only 1if the oxidation
fcllows one regularity (linear or parabolic) in the set experiments, Otherwis: w
will obtain fractional values for the exponent n. However, even in this case this
method can _ive valuable information about the oxidation process.

To study the oxidation rate during brief heating to high temperature we
applicd the following method (Fig. 1), The test sample 1 in the form of a wire
or tape was pressed between contacts 2, Heating the cample was produced by
electrical current, passed to the sample through a step-down transformer > fed

from & network of alternating current. The rate of heating was regulated by
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rheostat 4, The duration of heating was regulated by an

’ electrical time relay 6, which closed and opened the

circuit by means of a mercury contact 5. Heating of
samples was usually produced for several seconds,
'  Temperature of samples was measured during heating by the

ztainiiulg:t :;'fg£ cinematographic method. The principle of this method

:;::{%?gntgzte of consists of the following.
;:::i:gdgz oy brief At a distance of 65 cm from the heated sample "Kiev" 7
temperature, movie camera operating on 16 millimeter film was set up.

The image of the heated sample was focused cn the film by means of an "Industar"-50
telephoto lens. Directly in front of the heated sample light filter 8 was
csteblished, absorbing part of the radiation, The light filter was established
soc that it shielded only part of the image of the sample during photographing.
At previously selected aperture and shutter speed (number of frames per second and
exposure) the sample was photographed during its heating. The conditions of
photography (distance from chamber to object, objective, aperture, shutter speed,
light filter, and characteristics of film) always remained constants, both
during construction of calibration curves, and also during photographing of heated
objects,

After photographing the film was developed in standard contions (composition
of developer and fixing bath, temperature and duration of development). lLater
the density of blackening of imeges of heated sample in parts of the image obtained
during photographing with and without the light filter was determined; these
measurements of blackening density were produced as closc ar possible to the edge
of the light rilier., A [MF-2] (MP-2) microphotometer was used to determine
blackening density. According to the measurements of dblackening density with
help of a previously constructed calibration curve in coordinates of the blackening
density determined the temperature of the sample, corresponding to each separate
frame, From the obtained data further we constructed a graph of the dependence
of T on 7.

The calibration curve was constructed in this way. The temperature of the
heated object was determined by a thermocouple or an optical pyrometer, and heating
cbject was determined by a thermocouple or an optical pyrometer, and heating or

cooling was produced by steps, i.e., after every rise cor lowering of the temperature
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was kept constant for some time, and during this time the temperature of the object
was measvred exactly and the sample was photographed. 1In all calculations of
temperature the difference in radiation of real bodies and an ideal black body was
consldered, Since the photcgraphyic width of the film did not allow to construct
or.e callbration graph embracing a wide range of temperatures, a iight filter was
applied and two calibration graphs (with light filter and without light filter)
were constructed, Photographing of tested samples, as already indicated, was also
produced with and without a light filter,

In our experiments we used a copper wire as the test object. According to
spectral analysis the copper contained Pb ~ 0.01%, Fe and Mg ~ 0,001% and traces

of Si1. The presence of other elements was not revealed by spectral analysis,

l!l"ﬂ‘r« ,

Fig. 2. Curves of change of temperature during
brief heating of copper samples, Numeration of
the curves coincides with numeration of
experimente in the table.
Figure 2 shows graphs of the change of temperature of heated copper wires
for all experiments on brief heating, After termination of each experiment from

the wire subjected to heating we cut a segment about 4-%5 cm long; the cut section

e
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was selected so that its center corresponded %o the edge of the light filter at
the moment of photographing. The taken segments of wire were weighed on analytic
scales, processed with diluted hydrochloric acid to dissolve the layer of cinder,
washed in water and alcohol, dried and weighed again. The cinder decermincd by
difference in weight was recalculated for oxygen, considering that it basicaliy
consisted of cuprous oxide, The found weight gain of oxygen was cai~uiated per

unit of sample surface. The experimental results are presented in the tabie,
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Figure 3 shows the results of experiments in the form of graph in coordinates
of lg 9 -~ 1g ®. The scales on the coordinate axes arz selected so thet a h5°
slope of curves was executed at n = 2,

If we take for solution of the system of equation (13) and (14) the data of
experiments 1 and 12 (see table), on the basis of which are the curves in Flg. 3
ure conducted, and as the third poinf éelect the ﬁedian point on curves correspond
to lg q = -3.11, s a result of solving this system of equations we will obtain
n=1,97, This indicates that in experiments from 1 to 12 inclusive the oxidation
rrocess of cooper during brief heating to high temperature is stabilized as
parabolic, in spite of the short period of oxidation on the order of 10-20 sec.

In the right part the slope of curves in Fig. > changes, which corresponds tc a

decrease of exponent n. For the right side of curves exponent n 18 on the order
¢* 1.3-1.6, This indicates that in cxperiments 13, 14, and 15 the parabolic

lew of oxidation is not predominant and a considerable part of the time process

apparently follows the linear law of oxidation. It is necessary to note that in

oxperiments 13, 14, and 15, in contrast to all others, oxidction occurs at somewhst
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luwer temperature and the maximum temperature

of oxiaation 1s 1010, 950 and 300°C respectively.
It is impossible to calculate E from the

data represented in the table with sufficient

accuracy. To determine the activation energy

it 18 necessary to produce experiments in wide

range of temperature change. However, all

Fig. 3. Graph of the

dependence of 1g q on lg 9.
Curve 1 is built for E = 36,000,
curve II for E = 39,000
cal/mole.

experiments rcpresented in the table are very
close to each other in temperature regime. The
maximum temperature of experiments 1-12 i.-s
within limits of 1020-1070°C. To determine E by equations (13) and (14) 1t is
necessary to take a wider range to temperature. The comparatively low fusion
temperature of copper (10850) did not allow us to expand the region of investigated
temperatures.

To compare our data with the literary data witn tne help of equation (7) and
equations of the type of /12) we calculated q for each experiment. According to

{1], we took n + 2, A = 0,266 ge-cm°4-aec'1

and F = 37,700 cal/mole. In the next
to the last column of the table results of similar calcuiations ar. given, bul the
last column of the table shcws the percent of divergence of calculated and
experimentally found magnitudes of q. Ac follows from the table, the uagnitudes ot
g calculated from the literary datsa and the directly found magnitudes are :lose

to each other, For experiments 1-12, as was shown, & parabolic law 1s observed,
and this divergence on the average composes 11.3%. A certain exceeding of the
calculated magntides above the experimentally found 1s apparently explained by

the fact that, nevertheleas, in the beginning the process fcllows a linear law

of oxidation. 1In experiments 13, 14, and 15 this effect is even greater, since

here the period =f linear oxidation is much longer.

Conclusions
1. A method of studying the coxidation rate of metals and alloys during trief
neating {on the order of seconds) tc high temperatures hes been deveicped.

~., It is shown that oxidation of copper during dbrief heating [10-2C sec) to

temperature on the order of 1020-1070°C foliows a parabolic law, WwWith decreassr - -

T

of maximum temperature cf heating to 900~10100C & linear dependen~ rotice~bly

starts to rredominate.
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Summary .
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SPEC TROPHUTOMETRIC INVESTIGATION OF ASCORBINATE
COMPLZXES

K. P. Stolyarov and I. A, Amantova

1. Investigation of Complexes of Elements of Groups
11 and III ol the Perlodic Table

As 33 known [1-8] in anslytic practice ascorbic acid is widely used as a
reducer and in separate cases as complex former,

The goal of tnis work 1s the systematic spectrophotometric investlzation of
thie possibillty of usirg ascorbic acid as s compiex former. (-ascorbic acid

(7. H:0,) has & structure of 2,3-enulvi-i-gulono-1,4-lactone {Kherst, 1333].

-3 |

~

The 212 properties ars caused by hydroxyl group being in position 5 and

only psriinlly in positlon 2 {pK, = 5.17; pK, = 11,57 [3] and pEy - .00 {10] .
The complex foming functions of ascorbic aclds are caused by presence of
vndiel srouping =C{OHY = 7770 —,

The reducing -roperties cf asgcorblc aclids are connected with thr ;. »sernce

Frouping witn two conjugate double tonds ~C(CH! » C{Ck! ~ T = 0 [9].

i

Surlns oxidetion of as~eorbic acid (7Y &t iirzt dehydrcastortii anid S ID0 s

Sttadned, thnen o, %-di¥etogulonic a~id - IIIY, ara irn 3efinite ¥idir iy coraitises
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splitting of the molecule with

occurs and then even l-~tataric

formation of oxaiic acid in agueous solutions of ascorbic acid in air at pH = 8 [11],

| =]
)

o

formaticn of l-threonic (IV)

at pH 2 © (9],

315

= =
“wo-don HO—Ct
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There is an indication about the

and oxalic (V) acids,
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doon
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The oxidation of ascoEbic acid to dehydroascorblc acld i1s reversible, The
oxidizing-reducing potential at equal molecular ratios of these acids at
pH = 2,04, Eg = 0.281 v; at pH = 5.75, Ey = 0.105 v; and at pH = 7, LA 0,185 v
[22].

The oxidation of aqueous solutions of ascorbic acld 1s accelerated in the
presence of heavy metal ions [13], with increase of temperature [14], increase of
solution alkalinity [45) and unc~r the influence of ultraviolet light [4].

To increase the stability of ascorbic acld solutions it 1is recommended to
add formic and oxalic acids (4, 18], ammonium thiocyanate [19], trilon B [3, 4, 16,
17]) and to store the solutions in an atmosphere of CO,, N, (16, 17]. In our
work we used freshly prepared solutions cf ascorbic acid of high concentration,

1.25 M,

Besides oxidizing splitting escorbic acid is inclined to hydrolytic splitting, :

the rate of which is increased with increase of alkelinityy (9]. .i

. coon

uo-é o-J L. OnC~N )

wo-4 o ’
dnon :

~EEl{=rr )=

Under the effect of strong alkalis the unsaturated y-lactone ring will bde




released; a salt of ketcnic acid (2} and not a salt of unsaturated hydroxy scid will

be formed.
Q00 Oonl
od wd |
wod-u mod
ndon
wo-du  wod
© dnom dnon

a b
With weak alkalis ascorbilc acid will easily form neutral moncalkall enolate

without release of the lactone ring (b).

Considering the complicated character of behavior of ascorbic acid in an
alkaline solution, oxidizing and nydrolytic decompositioﬁ‘L#, 9] as a rule, we
investigated in soluticns with pH < 7, h

In strongly acid solutions the fermation of ascorbinate complexes has low
probebility, since sacorbic acid 1s weak and 1ts dissocclation is suppressed at
low pH., Therefore, an investigation at pH < 2 hed ns meaning. |

- Light abscrption of ascorbic acid solutions depends on pH; a curve of the
type of a parabola reflects the process of development ¢f yellow color during
increase of alkalinity [20].

It is necessary to indicate the peculiarities of spectrophotometric

investigations, connected with the optical characteristics of ascorbic acid. The

absorption band of ascorbic acid is in the ultraviolet region, which is explailned
by the —% o~ % — OH group, The absorption maximum is 270 mu, which corresponds

to the presence of a five-member ring [21]. The sbsorption maximum is mobile;
from 245 my in acid solutions to 265 mu in neutral alkaline, which is connected
with the presence of conjJugate double bonds [9]. €ay5 = 695 (pH = 2, hydrochloric
acid solution), €265 = 940 (pH = 6,4, phosphate buffer). Values of ¢ are obtained

4 M solutions in the presence of d-sorbitol as a stabllizer [22].

' for 0,5-1°107
True, d-sorbitol increasec the absorption ascorbic acid [23]. The absorption
spectra of an ascorbic acid solution depending upon pH and concentration, obtained
by use, are represented in Fig, 1,

In the investigation of ascorbinate complexes it 1s necessary to apply a
great surplus of ascorbic acid (for full formation of complexes) and perform

spectrophotometry, consequently, & relativ:ly free sample, containing a complex

~165<
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Fig. 1.

former in the same quantity and at the same pH of solution. The absorption of the
f free sample is compensated by slot of spectrophotometer, starting only with

Spectrophotowetry was produced on (S8F-4] (C®-4) and SF-5 spectrophotometers

in quartz curettes 1 cm thick, f

"Chemically pure" and "pure for analysis” were used, chiefly chlorides of

metals (in case of deviation from this rule the appropriate indications are made ),

! and medical ascorbic acid.
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Fig. 2. :

The cH of solutions was measured by s pH meter with a glass electrode.

The given value of pH was attained by adding solutions of hydrochloric acid
and caustic soda or ammonium., In diluted solutions of ascorbic acid a 0,25 M
solution of sodium acetate was introduced as a buffer.

In this report considers the interaction of ascorbic acid with elements of

groups II and IZI of the periodic table,?®

'Alka.1 metals were not investigated, since in this case it is possible to speax
only about the formation of simple salts, and not complexes. For sodium ascorbinate

Kﬁucc - 1.“7'10'2 [24]. The elements of an additional subgroup of group I: copper

[25, 26], eilver [27, 29] and gold [30-32] are reduced by ascorbic acid to metal
and aiso were not investigated,
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The basic data on the inveatigated solutions are given in Table 1 and the

cbtained results are represented in Figs. 1 and 2,

Elements of Group II

In the literature there are data on about Knucc = 2.8‘10'3 for magnesium
ascorbinate [24]; the formation of an ascorbinate complex of zinc [33)] ahd also the
reduction of mercury solutions to metal [33, 34]) are described,

We investigated the interaction of solutions of beryllium, magnesium, calcium,
strontium, barium, zinc and cadmium with ascorbic acid at pH = 4.5 and 5.5, The
rormation of coiorless complexes occurs at pH > 4.5 (at pH = 4.5 only for beryllium,
zinc and cadmium). On curves of light absorption maxima (see Fig, 1) are cbserved:
for the magnesium complex at 320-350 mu; calcium and barium, 345 mu; zinc und
cadmium, 390 mu., Salts of strontium do not “orm an ascorbiaate complex,

The presence of negative vilues of optical density on curves of 1light
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abhsorptio. of ascurbinate complexes of beryllium, zinc and cadmium testify to a
derreass In abtesorption ty these complexes as compared to free ascorbic acid in

the given wavelensth interval, This can be explained by a change of the steepness
of the absorption pand, the long-wave boundary is steeper for complexes than for

the acid.

El2ments of Group III
Main subgroup

The interaction of boron, aluminum, gallium, indium, and monovalent thallium
with ascorbic acid (Fig. 1a, b) has been investigated.

For solutions containing boron a considerable decrease of light absorption is
observed in the region of 320-340 mu and pH = 5.5 as a result of the formation-
of boric-ascorbic acid (by analogy with the formation boric-tartaric acid [35]).

For solutions containing aluminum & decrease in absorption in the region of
330-370 mp is connected with the sharp growth of optical density at XA s 330 mu,

For ascorbinate complexes of gallium, indium and monovalent thallium there
are absorption curves with sharp slopes, without maxima, For thallium the
formation of a complex starts at pH > 2.5, since the absorption curves of solutions
of thallium nitrate and ascorbinate at pH = 2.5 coincide, and an increase in
optical density is observed at pH > 2.5,

For ascorbinate complex of indium the absorption band 1s wider.

With growth of pH the absorption btands shift into the long-wave reglon;
solutions are colored pale yellow,

We invectigated 0,004 M solutions of gallium and indium and a 0,04 M
solution of thallium (pH = 5.5) at ascorbic acid concentrations of 0,04, 0.1 and
0.5 M, At an ascorbic acid concentration less than 0,1 M the complex of galllium
hydrolyzes. With increase of ascorbic acid concentration up to 0.5 M an
accumulation of ascorbinatc complexes of gallium and thallium occurs {(for thallium
the concentration is 10 times larger than for gallium and indium). For indium &
J.1 M concentration of ascorbic acid is sufficient for full formation of the
complex, 1.e., a 25 fold surplus in the molar ratio.

Of the last three complexes the most durable and intercsuting in an optlcal
sense is the complex of indium. Spectrophotometric determination of indium in the
form of an ascorbinate complex can be conducted at indium concentration n-io'“ M

(0.1 M solution of ascorbic acid; pH = 5.5; cureite, 1 cm).
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Additional subgroup

From the source material we know about the formation of an ascorbinate complex
of thorium and about the wide use in colorimetric analysis of an ascorbinate complex
of uranium. About thorium we know that at pH = 4-4.5 a negatively charged
complex will be formed, but at pH = O-1, a positively charged one, The first is
adsorbed by anionites in the ascorbinate form, along with Ti, Zr, U, V, Mo and ¥
{36, 37); the second is adsorbed by cationite in the it form (Dowex-5) together
with elements of the additional subgroup of group IV [38].

Works (36, 37] indicate that rare earth elements do not form negatively
charged ascorbinate complexes,

We know tha$ uranium will form a yellow-brewn ascorbinate complex at
pH = 4-4,2; its solutions obey the Beer law at 410 mp [20, 39]). The composition
of the complex is 1:1 [¥0]; K = 1.3:107%; eye. = 3.92:107% [41]. The behavior
of the complex on anionite amberlite, IRA = 400, is investigated in work [36];
it was established that the maximum adsorption occurs at pH = 4-4,5; desorption is
carried out by a 0.1 N solution of hydrochloric acid, the complex is weaker than
acetate, In the area of pH = 5-T the complex will have the structure
“"u[”°2(°“’2(°6“7°6)] added to it; at pH < 3 during a positive or neutral complex
will be tormed {4c].

We investigated the interaction of ascorbic acid with soluticns of s~andium,
yttrium, lanthanum, trivalent cerium, praseodymium, neodymium, samarium,
gadolinium, disprosium, erbium, ytterbium, europium, terbium, hoimlum, lutetium,
thorium and uranium,

The initial solutions of salts were hydrochloric acid; titer of solutions was
calculated by suspensions of oxides and carbonates (in the last case it was
checked), To prepare solutions of cerium, gadolinium and thorium we used nitrates,
uranium - acetate.

The obtained results are represented in Fig. 1b, ¢ and Fig. 2.

For all the atove-mentioned elements the formation ascorbinate complexes 1is
connected with a sharp growth of optical density in the region of X s 330-340 mu,
With increase of solution pH the absorption bands are displaced into the long-wave
region; this appears especially for europlum, The absorption maxima of solutions
of simple salts increase, especially at pH = 4,5; in certain cases they are

displaced somewhat into the long-wave region. Maxima of light absorption




underyolng the strongest changes are represented in Table 2,

For srandium, yttrium, lanthanum, terbium, disprosium, holmium, erbiun and
lutetium in the region of * = 340-380 mu the absorption of ascorbinate complexes
ls less than the abscrption of ascorbic acid, negative values nf optical density;
the minima of optical density with increase of pH are deepened and shift into the
long-wave region.

The color of solutions of ascorbinates of rare earth elementes is yellow
or pale yellow for scandium, yttrium, lanthanum, cerium, samarium, disprosium,
europium (intensely yellow, orange at great concentration), ytterbium and ursrium
(intensely yellow), The complexes for gadolinium, terbium, lutetium and thorium
are colorless., For prasecdymium the complex is yellow-green, for neodymium —

blue, for holmium — yellow-pink, for erbium - pink.

Table 2

Maximes in solutins of siwple sall | Mximm in solution of sseorbimate
Fat ot - . i BN 14
ne Mo & LV A T
. 0. L
L od L 18 . :

™ = vy

ol

-~ -~ 018 - : .
» 3 ii '
He .- a0 0 th
£18-420 (X ] < v
* o - g
Be b d !
2 | ¥ | = :

*In these cases the rise in maximum 1s caused by
a general increage of light absorption in the
shortwave roeglion,
It 18 neceesary to note that elements of the cerium group (0.1 M soluticns
o! elements in 0.5 M solutions of ascorbic acid) at pH = 5.5 probably deposit
in the form of basic sscorbinates; elements of the yttrium group stay in solution
vven st large values of pH,

For spectrophctometric analysis of greatest intercsti are ascorbinater of

europlum and samsriug {(not counti.g uranium). It has been shown that these element:

can have & valence of +2. It 18 posiible that the formation of ascorbinate

complexes ¢f europlum and samarium is connected with their initisl reduction,
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Concluslions

The Jormation of ascorbinate complexes for elements of groups I and I1I of
the perisldic table (excluding strontium snd mercury) evokes a change in absor:ticn
spectra of solutions of simple salts; maxima of light sbsorption are increased
and sometimes are displaced into the lung-wave region (Pr, Nd, Ho, Ev); ubsorptior
strongly increages in the region of 320-340C mu, comb'ned with a shift absorption
band of ascorbic acid into the long-wave region (Zn, Cd and elements of group III,
excluding B); for certain elements negative values of opticai density are obtained
in the reglon ctf » = 320-370 mu, 1.e., light absorption decreases (Be, Zn, °d, B,
Al, Sc, Y, La, T, Dy, Ho, Ev, Lu); new maxima appear (Mg 320-340 m:; Cu and Ba,
345 mu; Zn and Cd, 390 mu).
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REDUCING PROPERTIES OF IONITES

; N. A, Bechay, M. N. Zvereva, and T, M., Grekovich

The reducing propertiegs of ionites have been investigated comparatively
little, in spite of the fact that & iaiy. number of works are devoted to the study
of exchange of ions on hard sorbente, For analytic chemistry the knowledge of
reducing properties cf ion exchangers nhas practical value,

A number of investigators "1-7] observed the reducing ability of cationites,

V. N. Lenskaya [8] consiiered the influence of pH, temperature, concentration
of solutions of oxidizors «nd other factors on the oxidatlion processes of resins
of brands [NsK] (Hrx), [RSX] (PCK), (FFSK] (N&CK), [SPG] (Cnr), [SBS] (CBC), [MSF]
(MC®), [GKn] (IX), [TN) (TH;, [NO] (HO), also others, Her work allows us to
make the following cunclusior: under the effect on ilonites of buffered solutions
of oxidizers contaiaing oxygen in their molecule is a dependence of the oxidation
rate and quantity of reduced oxidizer on concentration of hydrogen ions, is
observed; there 18 a certaln selectivity of the action of different oxidizer:c on
jonites; an increase in oxidizer concentration evokes an increase of the irate of
the oxidizing-reducing process; the oxidation reaction of ionite 1s not reversible
and the reducing ability of ionite is gradually lowered,

V. N. Lenskaya with collesgues [9, 10] showed the pos3ibility of using ionites
as speclific reducers, valuable for analytic chemistry by the fact that they do
not introduce: outside inorganic ions into the investigated eoclution.

In a number of works [11-15] it is noted that ionic exchange and reduction of

ions in the solution occur simuitaneously and independent of each other; tnat the
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source of reduc’ng properties of resins 1s not ionogen groups or eiementary nuclei

e e rwe—

of resinc {sulphophenolic and sulphostyrene).

The goal of this work 18 the investigation of the reducing ability of certain
ionites of Soviet brands with respect to different oxidizers. For the first time }
we investigated the reducing properties of cations of [KU-2] (Ky-2), Ku-2-4, ,f
KU-2-12, KU-2-16, [SBSR] (CBCP), [KB-#P-2] (KB-4Ml-2), and enionites [AN-1] (AH-1), !
[EDE~10-P] (208-10M1), [AV-16] (AB-16), and AV-17. As oxidizers we applied .
sclutions of KMnO“, K20r207, nuuvoj. and Fea(sou)j, whese normal oxidizing
potentials are 1,51, 1,36, 1,01 and C.77 v respectively, ‘

Experiments were conducted by the static method by means of agitating a
suspension of resin (0.5 g) with 5C ml of & solution heving a definite concentration
of oxidizer and hydrogen ions. Time of agitation (2-10 hours) necessary to
establish equilibrium between the resin and the solution was determined by
preliminary experiments,

The influence of acidity of the medium on the oxidizing-reducing process
may be seen in Fig. 1. The minimum, existing on the reduction curve of potassium
permanganate, is in region with pH = 5-6; in an acid medium full reduction of Mnt7
to Mn+2 occurs; in en alkaline medium full reduction of Mn+7 to Mn+u. The least
reduction of manganese cccurs in the region close tc rwutral. Laring reuuction of

Cr+6 and V+5 the reducing sbility of resins drops ss the actdity c” the solution

decreases,
To drveatigace tlhe i.ufluence of different

content of divinylbenzene [DVB] (IBB) on the

Mn+2 b; ell brande of KU-2 resin occurred,

~

®

4

1w reducing prooerties nf resin we took three brands

©

3 of cationite FU-2; KU-2-4. K'1-2-12, and KU-2-16, ‘

: ‘ In experiments vith ~olrticn of poutassium ?

* permanzarats full reductica of Mt to Mn+u and l
l

Fig. 1. Oxidization of
cationite SBSR by different

oxidizers (concentration of 4) Lpapt \ . P g o
oxidizers in initisl .} *he* ar increar: in *h- pecentate uf DVB in

solutions was 0,05 N). resins of brand KU.2 increases their resistance

Experiments with potassium bichromate showed (Table

to oxidizers in an insignificant degree. This 1s pcss’bly explained by the fact
that the easily oxidizing groups of resin are located at the unus of mac >mosecules

ani the pecking of the structure essentially does not aff2ct the oxidizing-reducing
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Table 1. Effect of Potassium Bichromate on Cationite
KU-2 with Different Content of DVB (Concentration of
K Cry0, solution, 0.0% N)

Quantity of reduced Quantity of reduosd
Moidity of chromium, in % Meidsty of chroaius, iz %
solution solusion
e Wy | VLS 84 wats | Wi

4N 08 a7 3 39 3 28 %4

7 p Vi b L N3 [ %] 12 o4 a3
mesp |G | e | S| 8 | 8 |8 |8

13 e (%4 43 " o 3 [ ]

29 83 a8 ¥ .

process,

From the obtained data on reduction of potassium by different icnites
depending upon medium acidity (Table 2) it is clear that the stablest are from
cationites KB-4#P~2 and from anionites AV-17. During reduction of potassium
bichromate (Table 3) the stablest also turned out to be KB-4P-2 & 4 AV-17, The
biggest reducing ability with respect to Cr+6 belongs to AV-i6, EDE-10-P and SBSR,
which reduce chromium in e wide interval of acidity up to pH 7, which agrees with
the data of V. N, Lenskaya on oxidation of other brands of ionites,

Table 2, Oxidation of Ionites by Potassium Permonganate
(Cencentration of KMnOy Solution, 0.02 N)

Acidity of . . Quantity of redused mangarose iz $
coclution | wwe ] cocr | mana | ans | amwn | s | o0
| - w [w | @ |m |-
B ] » | w
REIB|E BB B8
s REIR A TEAR RERE:
S » | s ﬁ n | W o | s
8 .| w| ar 6| ms | W 3
- AN
o L L ns m L z "

Table 3. Oxidation of Ionites by Potassium Bichromate
(Concentration of K20r207 Solution, 0,02 N) .

Aoidity of Quantity of reduoed ohromius in %
soludion we | cocr [ mmams | ama | smswn | asw | asnm
= L] (2 .
T REIRIE AL1R
- I H

Table 4 gives data on reduction of pentavelent vanadium by loniteg.
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Tatie 4, Oxidation of Ionites by Ammonium Vanedate
{Concentration of NH,VO; Solution, 0.02 N)

Midity of ey of rdused venviiom in
solution AB-aR3 | ABM | ARY

From Table 4 it is clear that vanadium oxidizes AV-16 and EDE-10-P; in very
acid solutions KU-2, AN-1 and SBS, KB-4P-2 and AV-17 resist the action of vanadium,
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With all the above-menticned brands of resins we made experiments to study
thelr interasction with Fea(soh)3 solutions. It was found that of all the studied
ionites iron oxidizes only AV-16 to an insignificant degree (~1,5%); as one should
expect for iron, oxidation does not depend on pH.

According to magnitude of reducing ability the investigated ionites can be
placed in a series: AV-16 > EDE-10-P > SBSR > KU-2 > AN-1 > AV-17 > KB-4P-2,

For the quantitative characteristics of the reducing properties of ionites
with respect to KMnOn and K20r207 we calculated the percent of reduced manganese
and chromium for 1 g of resin depénding upon the number of sorption — desorption
cycles, Experiments were produced by means of agitating a suspension of resin
(0.5 g) with 50 ml of a solution, having & 0.05 N concentration of oxidizer and
acidity of i N by H,80,, until equilibrium is established. We filtered the ionite
and extracted from it the absorbed ions, shifting simultaneously the cationite
to the H* form and anionite to the OH™ form, In united filtrates we determined the
content of reduced oxidizer, Tﬁe regenerated resin was again agitated with a
solution of oxidizer, etc,

It turned out that the reducing ability of lonites with respect to
potassium permanganate is kept practically completely for 5 cycles, except for
anionites AN-i, EDE-i0-P and AV-16 which on the 3-5th cycle are destroyed. In
Fig, 2 cne may see the gradual extinctlon of reducing properties of ionite with
respect to vrotassium bichromate.

Anionites AV-16 and EDE-10-P were completely dissolved on the fourth cycle.

Since the zolubility of resin is increased with decresse of transverse bonds in
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Cr",% AB-% _Vdeatriction

vof resin
8.
L) dostivction

of resin o

mgeequivalent IR mgequivalent M

[] [] w
Naber of sorption — desorption oyoles

! Fig, 3. Curves of : Fig. 4. Curves of
g, . eneuclng @ o Dotentiometric Litreting  Tpotentiometric titrating
s Teroect to K.0r.0 of cationites by a NaOH of enionites by a HC1
P 2 To%7 solution, 1 — before solution, 1 - before
depending upon the the effect of oxidizer; the effect of oxldizer;
number cf sorption — 2 — after the effect 2 — after the effect
desorption cycles. of oxidizer, of oxidizer,

the poulymer, we cen assume that during oxidation of ionites transverse bonds
i.e,, methylene bridges, are destroyed.

I. P, Losev and A, S. Tevlina [12] assume that the source of the reducing
properties of ionites are not the lonogen groups, dbut aldehyde and quinoid groups.
Consequently, the oxidizers do not have to affect the exchange capacity of ionite,
To check this assumption we investigated the exchange capacity of ionite by the
method of potentiometric titrating of a resin by solutions of HCl (enionite) or
NaOH (cationite) before and after the effect of an oxidizer, As oxidizer we took a
0.02 N solution of potassium bichromate having acidity of 1,17 N by Hesou. As can
bé seen from Figs. 3 and 4 partial oxidation of .onite practically does not
affect the slope of titrating curves of the investigated ionite, and, consequently,

during oxidation ionogen groups do not participate,

Sammery

dulautthd Yy the preseat in that lon-exchange
nﬁl I(V-ﬂ. KB-41-2, CBCP, 3113-]0-!1 AH-1, AB-17 ase sot oxidized

by 0,08 n solutions Fey(SO,), 8t [H*] == 10-%— 5.5 ; the resins AB-
-17 wad KB-4[1-2 are sot oxidized by 0,02 n sclutions NH.VO, st [H*] =
10"~ 3 AT and KV-2 — ot [H*] == 107"~ 2,6 KT ; KB-471-2 18 not
oxidized by 0,02  wolutions KCrOr at [H*] = 10°"— 26852 4ag
AB-17 — ot [H*] = 10°° — 107" T2 cli mvestigated lon-exchaage re-

wes are oxidised by 0,02 & solutions KMaO, at [H*] = 10°" — 5 572,

Mﬁbmmlm wowerds oxidants jon-ex resias can
be wrevged In ¢ row a8 follows: KB-4 11-2 > AB-17 > KV-2> AH-1 >
CBC? > 3113-10-11 > AB-16.

The partiel oxidation of the ion-exchenge resins by 0.0 a solution
KCr0: has been ststed t0 have practically mo effect om the exchange
copatity value. [inglish smmary)
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INFRARED ABSORPTION SPECTRA OF ANHYDROUS SULFURIC AND
ORTHOPHOSPHORIC ACIDS

3. A. Shchukarev, T. G. Balicheva, K. Ya. Borcha, and
M. A, Kukhareva

The wide application of anhydrous mineral acids in a whole series of drganic
productions requires the thorough study of their behavior in pure form,

We attempted to study the state of isostructural moleculee of aclds of the
third period of periodic table and, in particular, the influence of the tied
hydrogen bond on the proton donar function of these acids, by using the high
sensitivity of infrared vibration spectraz to change of structure cof molecules,
Informations about oscillatory frequencies of sulfuric and orthophosphoric acids,

obtained basically from spectra of combinationsl diffusion, are rather

contradictory [1-6]. Region of valent O — H vibrations due to the large experiment.l

difficulties is studled very little,
Table 1 gives the presently available information azbout frequencies of

valent 0 — H vibrations for anhydrous sulfuric acid,

Table 1 _
Maximum of
Method of absosption
Substance -
investigation band, cm p
H,S0, liquid 100% | Raman [1] 2985
H,80, liquid 100% Raman (2] 3025
H,S0, 1liquid 100% Raman [3) 2850, 3000
ti,S0, 1iquid 100% IKS [#4) 2970 ¢ &0
HoS0y solid 1007 1XS [4) 2680




-

If frequency of valent O — H vibrations for nasou is needed only in a more
precise definition, then the matter. is worse with these frequencies for
orthophosphoric acid., Médard [2] found in region of valeat O — H vibrations a

wide band, spreading fiom 3700 to 2700 em™! with maximum near 3300 cm'i. Simon
[€=T]); not finding in this region even a weak absorption band in the Raman-spectrum
of orthophosphoric acid, considers that the system investigated by Medard did

- not currespond to a composition of orthophosphoric acid,

Therefore, the goal of cur investigation was a more precise definition of
the results in the region of valent O — H vibrations and also the investigation
of the influence of lowered temperature on position of the maximum and bandwidth
of abaorption of the 0 - H ¢« + ¢ O complex,

The results, obtained by Giguére [U4] for solid 100% sulfuric acid, evokes

1 cm and also in the

surprise both in the small magnitude of displacement AV = 10~
direction of displacement, indicating a weakening of hydrogen bonds in the

O=H ¢+« + ¢« 0 complex with lowering of temperature., Crystalline orthophosphoric
acid, roentgenographically studied by Furberg [7], is characterized by three
identical P — O bonds 1.57 R long. The fourth P — O bond, assumed "keto," with
shorter length of 1,52 K P—0=H + + » O = P; the very short distance

R(O *+ ¢« + 0) = 2,53 R should correspond to a very durable hydrogen bond of the
assocliating molecule of phosphorous acid, The distsnce between hydroxyls
(P-0=He+ + < 0-X), equal to R(O * * + 0) = 2,84 X, should correspond to a
weaker hydrogen bond, On the basis of given X-r«y structural data one should have
expected the appearance in vidbration spectrum of absorption of H3P0h in the region
of valent U -~ H vidrations of two bands, from which one should be strongly
widenes and conatderabl: displaced in the low frequency region, corresponding to

a strong hydrogeun tong with distance O » » + 0 = 2.53 2.

Accordire Lo A-ray diffraction analysis of Pascard {8], in the grid of
sulfuric acid there are also 2 types of nydrogen vonds, G — H * + = 0 — H and
0O-H+ + + 0= 8 with corresponding distances of 2,84 £ and 2,64 R. We have no
information about the distance O - ¢ « O in anhydrous chloric acid, but the
proximity and number of observed frequenclea of vibrations Z = 0 and 2 — O in
orthophosphoric, sulfuric end chloric acids testify to a tetrahedral configuration
of their anions and an analo@y in the structure of acids,

We obtained 100% orthophosni~vic acid by two methods:
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1, From crystalline 96% ijoh; to melt at t = 50°C we added a calculated
quantity of "chemically pure” Py0g.

2. Prolonged dehydration of 8,5% HBPOM in 2 vacuum with subsequent double
recrystallization according to method of Simon [7]. In the HBPOM crystals obtained
by this method, a H,‘PQO7 impurity was completely absent, its content by the first
method was 2-12% depending upcn modification of the applied P20 . The composition
of the obtained acid w ntrolled by titrating 0.1 N KOH and qualitative

reactions with AgNO3 i the absence of pyrophosphoric and metaphosphoric acids.

100% Hesou was obtained by adding to a suspension of oleum a calculated
quantity of concent. =2d "chemically pure" Hy80,, d = 1,832 g/cm}. The composition
was also controllzd by titrating, Vibration spa:tra of substances were taken on
a recording double-beam [IKS-14] (KKC-14) infrarsd spectrometer on LiF and NaCl
prisms; the light source was a globar,

Calibration was prodiced on an vibration rotary spectra NH3, C6H6’ HC1, CO and
COQ. The stability of calibration was constantly checked by a standard spectrum :
of polystyrene. The optical windows of the convette were plane-parallel thin ;
5 windows of quartz, fluorite and
: optical AgCl.

The sbtained absorption

y

spectra in the frequency range
4
of 3500-2350 cm™~ are shown in

Figs. 1 and 2.

Fig. 1, Infrared . Fig. 2. Infrared
sohirgison picirm, | ubrpiion wpecim traeed, the wry vice
?ii:'Ng?éCS?es: gr 2;:22322:’2?’}21;f1d' absorpti.n band of orthophosphoric
t = 20%; b - ~6 i, & -t = 20°; acid ie displaced by 120 cm™>
t = -40%. b -t = -k, as compared to the absorption

1

tand of H,50, and by ¥ cm  as compared to anhydrous HC10, [9] ir the low-
frequency region, testifying to the larg durability of hydrogen bonds associating
the mclecule of phosphoric aclid. Due to this the force constant cf the 0 — H
bond decreases, and the length of O — H 18 increased. This msy be seen from our
tentatively calculated values of force constant and interatomic distance, given in
Table 2,

The force constant of the O — H bond was calculated dy the formula of vibration-
of & harmanic oscillator [10]
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Table 2
Substance \ Y, ent | £-10°, dyne-cm™t Yoy R
HC10, liquid 100% | 3390 6.4 0.997
Ho80, 1liquid 100% | 2970 4.9 1,06
B,P0, 1iquid 1008 | 2850 8.5 1.08

and the interatomic Toudl distance, by the approximation formula of Badger [11]

re Y/ ¥+ 0y

The values of constants cM and Did are accepted by us in reference to atoms H and

0 squal to m-l?.l, DiJ = 0,335,

Pigure 3 built on these data shows the explicit functional dependence between
tne weakening of duradbility of the O — H bond and increase of length, i.e.,
interatomic C - H 4istance, with increase of electronegativeness of the anion,

R

Fig. 3.

Dependence tetween
the force constant
cf O = H dbond and
nteratomic QO -~ H
distance in uc1o,‘,

4,80y, HyPO,.

In connection with the fact that the acla we studied
possess strong corroding properties and sufficlently large
absorption, to study the spectra with controlled thickness
of layer we applied the weight method of determining layer
thickness, checked for water,

The molar indices found on maxima of absorption bands
(the average of © close values) sre given in Table 3.

Figure § illustrates on example of sulfuric acid the ‘
good convergence of our results. All operations of filling |
the convette were conducted in a drying chamber with P2°S'

To study the influence of lowered tewmperature on spectrum of acids we

prepared s vacuum absording chamber from molyddenum glass with windows of fluorite;

its construction differs little from those described in literature [13, 1Rk},

Table 3
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Fig. 4. Dependence

between optical
density of a
substance (D) and
thickness of film
for anhydrous

Duz to the low temperatures of fusion of the studied

o a Kl ° .
substances (Tnn uasoa S4TC; Thn H3

cooling s mixture of acetone with soclid carbon dioxide to

PO, = +42.3°)

-40° was sufficlent to have a stable fine crystalline
preparatlion throughout the survey of spectrum, Control of
temperature was carried out potentiometrically with a
preliminarily calibrated, copper-constantan thermocouple.

We tcok measures to prevent freezing of the convette windows
ditchs, The obtained absorption spectra (Figs, ib and 2bv)
show a certain decrease of width of absorption bands both
iJor phosphoric, so also for sulfuric acid and, secondly,

a displacement of abaorption bands in low-frequency region

sulfuric acid,

by &V = 30 cm'i, testifying to increased durability of

the hydrogen bonds between molecules with decrease of temperature in the

O—H + « « 0 complex.

Conclusions
1. The infrared absorption spectra were studied in region of 3700-2350 cn°1
of sulfuric and ortuophosphoric acids at room temperature,

2. The displacement of absorption tand of valent O — H vibrations of molecules
of orthophosphoric acid by 120 ?:'1 as compared to absorption band of anhydrous
sulfuric acid and by 540 cm'1 ag compareac to anhydrous chluric acid testifies tc
a considerable increase in duraocility of the hydrogen bonds between molecules in
the sequence of HClOn < "2S°a < H}Poh and a strong locsening of the O — H bdbonds
in mclecules, as a result of which the force constant of O — H bonds decreases and
its length increzses,

3. 1t was shown that lowering of temperature to -40°% increas:s the durabilit;
cf hydrogen bdonds for crystalline sulfuric and phosphoric acaids,

%. The values of moiar indices of absorption of the above-mentioned acids

wore Jdetermined.
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DEPENDENCE OF ORIENTATION ANGLE OF DQI/BLE REFRACTION
IN FLOW ON CONCENTRATICN OF SOLUTION

V. P. Budtov

In the preceding work [1] on the example of cne function of [PMMA] (ITMMA)
solutions it was shown that &t low viscosity of the soclvent double refraction in
fiow can be considered as an effect of orientation of moleculea, but double

refraction in flow at high viscosity as an effect of defoxmaticn of moiecules, In

cbteining extrapolated values of the angle of orientation -}-ir. 8 deflections (1]
=]

from the rules of Peterlin [2] were noticed in viscous solvents, i.e., in viscous
solvents a different concentration dependence of the angle of oriesntation was
observed than in low viscous solvents [3-8].

The semi-empirical theory of Peterlin [2] givea the following expression for

the angle of orientation 1-1'--1

S ,,1%],_‘,9,_-__'_:-3_,f!"'_A,-E'is_-:f!110,.+m_-|xx|<1-...),w o S ¢- 9 IS

where g 1s the gradient of epeed, M 1s the molecular weight of the polymer, 4 is
a constant, n, is the viscousity of the soivent, [1] 1s the characteristic
relaxation time, extrapolated for ¢ = 0, ¢ is the concentration of polymer in the

solution, k 1s the Haggins constant, » [n] are the specific and characteristic

nap
viscoslty of the solution.

Another method of ext.apelating the time of relaxation 1 on "zero" concentration
(c = 0) was offered by Cerf [9], who showed that thcre is such a reglon where the

angle of orientation does not depend on concentration. It was established [10] that

~1 3




g i i v

S P S

N

the deformction member in the expression for
1T also does not depend on concentration.

In thig work we measured the angles of
orientation for solutions of six PMMA fractions
in tetrabromoethane (viscosity changed from 5
to 15.6 centipoises), The characteristics of
samples is given in work [11,

As was shown earlier [11] correct selection

of 1 is controlled by measurements conducted

. in the reglon of large g and large concentrations,

Fig. 4. Dependence of magnituds Having otteining relaxetion times 1 [11],
c OB 1=%' and concentration _
. ¢ graphs of 7 as a function of ¥=* were

in tetrsucomoethane: a) 1 — 4
cw=0.36; 2 —0.18; 3 _)0_12; constructed (Fig. 1a). The solid curves

express the dependence of T on viscosity of
‘ufs ; I—no' 3.0;

II = 6.4; III - 9.4; IV —141.4;
L;:tgéé g;?t:gggg_:iwg) in viscosity of solution nap/c. One may asee,

ketone (©); dbutylacetate (@).

the solvent, the dotted, on the given specific

especlally in the region of small concentretions,
that the given dependences ars expressed by stralght lires intersecting on the
ordinate axia a segment proportional to the coefficient of internal viscesity [9].
Within limits of experimental error (7-10%) this segment is the same for all
concentrations, Thus, for every concentration the dependence of T on !—';1

is expressed by a straight line (at large concentrations 3—'}-" shows an upwards
bend); the slopes of these straight lines increase with increase of concentretion.

The value of relaxation times 1 extrapolated for ¢ = O can be obtained by

_ﬂ_»pwgm‘!_f}tgggg.ﬁ It is possible to construct a concentration dependence of 1 at

identical 35® and obtain a straight line expressing the dependence of [7] on
no(n]. The convenience of this is that the corresponding dependences of 1 on ¢ at
the selected 1-?’ are expressed by straight lines, which facilitates
extrapolation (Fig. 2a). However, during this it is necessary to have measurements
conducted in solvents with different viscosities.

The other method is that the slopes of straight lines in Pig. la are expressucd
a3 a function of concentration (Fig. 2b). The obtained straight line representins
this dependence intersects on the coordinate axis a segment which coincides with
the magnitude of the slope of the straight line {1} = f(n,(n]).
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Fig. 2. Dependence

of magnitude TT at a
definite 1Z® on
concentration for
solutions V of PMMA
fraction. Number on
the stralight lines give
the magnitudes of !%2

(2); the dependence of
magnitude *=* on

‘ -'..

concentration for
solutions II of fraztion
ilg ant V of fraction (II).
b).

The graphically expressed dependence of T on
1=® (Fig. 1a) and concentration (Fig. 2a) can

also be analyticelly presented:

Bt F Ll LWt F IR0 4 v, (2)

The values of b and d are given in the table, The
characteristic viscosity of solutions in
tetrabromoethane extrapolated for g = C are given
in the second cclumn of the .able, It 1s clear tnat
b and 4 increase with increase of mclecular weight.
Basically the dependence of 1 on concentration Js
determined by the third member of formula (2).
Actually, the dependencz of t on n. = i 18 e-pressed
by a straight line (Fig. 3) (along the axis of
ordinates we take i:ﬁﬂ_ in order to combine the
curves for solutio.s of the given fration in various
soivents),

The angles of orientation of double refraction

were also studied in low-viscosity solvents (in

acetone, butylacetate, ethyl acetate, methylethyl ketone) for solutions V of the

fraction., The dependence of t on concentration 1s expressed by Ceterlin's foruulia

(1).

You!

!

1 N '

Fig. 3. Dependence of ';.ﬂ,'r on
specific viscosity n,. - 1 for solutions

of fractions. The numbers on the lines
are the numbers of fraction,
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Thus, if in low viscosity solvents (kinetic rigid ball) the dependence of
T on n.p/h is expressed by a straight line (Fig. 1b) passing through the origin
of coordinates, then for viscous solvents (deformed ball) the dep:ndence has a

=

completely different character (Figs. 1a and 2a). Therefore, from the dependence
of T on n'p/b it is possible to judge about the deformation of the macromolecule,
which 1s a very convenient method of qualitative appraisal of macromolecule
deformation,

In conclusion the author expresses his gratitude to Prof. V. N. Tsvetkov for

valuable council and help in work.

Conclusions

1. The dependence of limiting slope of the angle of orientation of durable
refraction (time of relexation t1) as function of gradient of speed in a wide
interval of solvent viscosities (from 0.3 to 15 centipoises) and concentration
of polymer (from 0.01 to 0.3 g/100 cnj) was studied,

2. 1In lowsviscosity solvents 1 is proportional to qsp/c, which corresponds
to the Peterlin rule,

3. In viscous solvents the dependence of T on nsp/b has a different
character, An empirical formula was found and methods of extrapolating 7 for ¢ = 0O
are cffered,

4, PFrom studying the dependence of T on n'p/b definite conclusions can be
made about tune nature of dynamoptical effect and kinetic rigidity of macromolecuies.

. Sumnery
T T TR T O ST
(w<?t ) vooattss. Gome sothels éf comapuiosien d(?),’mnum

for sutoents of Bigh visssemty. Bt & shows et D siudy -u-.--(?)ﬁ-

-lﬁ)‘l”bhum-ﬂbﬂm
of cswendivesin. {Engk teh srumary}

«132-




Literature
. N. Tsvetkov and V. P, Budtov. High molecular compounds, 4, 83, 1964,
. Peterlin, J. Pol. sci., 12, U5, 1954,

Vv
A
. V. N, Tsvetkov ¢nd E, V, Frisman. ZhETF, 15, 276, 351, 1945,
S. Ya, Magarik and V. BaranoQ. High molecular compounds, 5, 1072, 1963,
R. Signer and A, Peterlin, Helv, chim, acta, 36, 1375, 1953,

I. T. Yang, J. Amer, chem, soc.,, 80, 5139, 1958,

V. N. Tsvetkov, N. N, Boytsova and A. Ye. Grishchenko. Herald of Leningrad
State University, No. 4, 59, 1962

8. I. N. Sntennikova. Avtoref, kand. alss. Leningrad Press of Academy of
Sciences of USSR, 1963,

9. R. Cerf, J. Chim. phys., 48, 59, 85, 1951,
10, J, Leray. J. Chim. phys., 57, 323, 1960.
11. V. P, Budtov, Herald of Leningrad State University, No. 4, 60, 1364,

Submitted
24 April 1963

[

e o i




ABOUT INFRARED SPECTRUM OF TWILIGHT SKY
Ye. V. Gnilovskoy

One of the most effective indirect methods of studying the structure of
atmosphere is the twilight method, Many works are devoted to photometric analysis
of twilight. Some of them are not free from essential deficiencles of a
methodical character. Photoelectric observations of twilight in separate sections
of the spectrum with application of light filters do not give a presentation sdbout
the spectrum of twilight sky {1, 2]. In photographing the spectra of twilight
sky usually prolonged exposures were applisd, which 1s equivalent to averaging

across a :arpe interval of zenith distance of the sun (3].

The goal of this work ic to obtain spectra of twilight sky in the near infrar !

region of the spectrum with the he'n of scanning over wavelengths of an
electrophotometer at various setting angles of the sun on the horizcen in zenith and
western horizon, As spectral system a monochromator was used with a diffraction
grating coperating according to the Pasti diagram, The diagram of the instaliation
{5 showr in Filg. 1. Light of the twilight sky 1s focused by cond. r 1 on the
slot of monochromater 2; collimator mirror 3 transforms divergent bundle proceedins
from the slot; it i¢ reflected from a plane rotsting mirror 3 in parallei and
directs 4t on grid 5. Light located in the spectrum is focused by sphericsl
mirror € in the plane of the exit siit 7. The solid angle of the installstion is
4:10°7 greradiane.

The candle-power of tie monochromator 18 1/9., The dimensions of the shaded

part of tre grid are 7o » & anz. The gric has €20 lines per =a, Scanning of




spectrus was produced by rotating the grid., During
work in the infrared region of the spectrum

(0.7-1.1 u) the grid worked on the first order, to
cut the spectrum of the second order a red glass
[KS-1) (HC -1) was set up in front of the slot.
The dispersion of the monochromator was 22 R/-
After exit glit the light strikes the sceen
of image ccnverter {EOP] (30[1) with an oxygen-
cesiun cathode., Tihe glow of the EOP screen in the blue region of spectrum was
pesrceived by the photoelectronic multiplier [PM] (@BY) of brand EMI with an
antimony cesiurx cathode.
Between the PM cathode and the EOP screen an optical contact was ensured with
help of a special light conductor 8, The EOP was placed in a refrigerator. The
dark current of the EOP was cold-treated by carbon dioxide,

The output signal from the snlarger after amplification was recorded Ly the
recorder, The installation was calibrated in absclute units with the help of s
standard lamp.

The spectra of twilight sky were recorded at the Pulkovsk astronomical
ctservatory in the summer of 1963 setting angies of the sun on the horizon up tc
1° The odtained spectrograms were corrected for spectral sensitivity of the
receiver and change of twilight {lluminance during the time of recording, and wre

recalculated in adeolute nits.




Figure 2 gives the typical spectra of twilight sky in absolute units for a
small interval of angles of setting (angle ¢), obtained by us in June 1953 in the
zenith., on the spectra absorption bands of oxygen and water vapor are clearly
visible. The structure of the bands is not solved possibly because of the great
optical thickness, passed by the rays.

An interesting peculiarity of the spectra is presence of peak intensity
twilight sky in the region of 1 u, comparable in magnitude to the maximum in the
region of 0.7 u. It is possible “hat the first maximum is caused by the "flash”
of intrinsic radiation of atmosphere near 1 u discovered by Ye. D. Sholokhove and
M. S. Frish in 1955[@.The obtained infrared spectra in western horizon essentially
do not differ from the spectra of zenith,

One should consider the described investigations as preliminary.

This work was carried out in the laboratory of Prof. 8. P, Rodionov, to whom

the author expresses sincere gratitude for his constant interest and lesdership
of the work.
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PAASE METHOD OF MEASURING MAGNETIC FIELD OF EARTH
; WITH A NUGCLEAR-RESOMANCE FILTER

P. M. Boredin

Etrpresent there are several methods of continuous measurement of the
magnetic rieid of earith with the help of different nuclear-resonance generators,
for inetance [1, 2], which have definite gdvantageabbver the others.

In these the methods magnetic fleld Ro is messured by the frequency of

zZeneration fo according to the .relationship known in nuclear magnetic resonance

1h"iE.b 4 ‘ (1)
where v is the gyromagnefic ratio of nuclel of sample (usually protons). However,
when this messuring small changes the earth's magnetic fleld (~4y)and especlally
if these changes have a short pariod, considerable difticultles appear, connected
with the necessity of thorough treatment of oscillograms and continuity of the
method is lost, since to increase the accuracy it is necessary to 1ncréase the time
of measurement,® due to which only one averaged value of no is obteined.

These deflciencies can be avolded preserving all the merits nuclear-resonance
methods if we apply the phase method of measuring earth's magnetic field with the

nelp of 2 nuslear resonance filter [YaPF] (AP®); for this any device can be uged

1Change of field, 8Hy ~ 1y, as 18 evident from (1); corresgondingly
Afo = 0,043 cps; inasmuch as Af = %F %%, for time of measurement At = 0,3 sec the
phase advance will be AQ = 5°, and for 4t =  sec, A9 = 50°.

i3 :
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Fig. 1. Change of amplitude v and phase ¢
of signal of precesslon of nuclel at the
output of a nuclear-resonance filter, a)

is amplitude-frequency; b) is phase-frequency
characteristics of nuclear-resonance filter;
vi, is the frequency of the external crystal

oscillator, An is the frequency difference
caused by the modifled magnetic field of earth
AH,, B and C are magnitudes of amplitude and

phase on the output of the nuclear-resonance
filter, corresponding to frequency difference
of -AD and +A®,

which has nuclear-resonance chsracteristics (Fig. 1) with f, proportional to Hy

in accordance with (1), If at the input of such a filter we apply voltage s from

an exitsdrnal stabllized gensrator, the frequency of which vnn is equal the
resonance freguency of YaRF, then during changes of the earth's magnetic field
Aao. i.e., during appearance éf frequency difference bmb(ABo), the amplitude and
phase of uxiuon the output of the filter will be changed proportional to AH, in
accordance with Fig. i. Using the phase shift of U, on the output of YaRF in
comparison with the phase of Uyp N its input, it is possible toc more exactly and
more operationally measure the relative changes of the earth's magnetic field (with
regpect to uo ~ vna). I1f, however, we consider that no can always be determined
by vnn’ then this method in principle allows us to produce an exact measurement
of the absolute value of the terrestrial fileld.

As & nuclear-resonance filter during an experimental check of the method we
used & Skripov generator [1] with broken feedback, the input of which are
phasing coils, and the output, a receiving coil (regime of narrow-band filter [3]).
The phase shift obtsined during change of the earth's field was measured by the
diagram of Fig. 2, i.e,, by Lissajous figures (roughly), or with the help of a phase

jetector® with subsequent recording on an automatic recording instrument. Exact

lBefore phase detection the amplitude was limited,

~200-

o R




Fig. 2. Block diagram of
magnetometric device, 1 -
nuclear-resonance filter
(HK, magnetizing coil; IIK,
receiving coll; K, phasing
coill; H, pump; M, motor; B,
battery 24 v, 10 amp}; 2 —
oscillator crystal

(fyg = 2500 cps); 3 — phase

detecter; 4 - self-recording
instrument; 5 —~ oscillograph.

Ry i kA T A g bt PR

trimming of HO under frequency of crystal
oscillator v, (installation of system on zero)
wag carried out with the help of Helmholtz colls
or a sheet of light sheet iron, transferred at a
distence of 1.5~3 m from the receiving coil,

A prolonged check in fileld conditions of such
a model of the instrument showed that its
seneitivity 1s equal to 0.1-0.3 y. Undistorted
registration of signals of magnetic disturbances
is ensured when they are 1 2 2 sec long.

The simple methods of recording phase ghifts

applied in these experiments does not ensure

linearity during recording of magnetic disturbances exceeding several gammas (due

to nonlinearity of the phase characteristics of YaRF and the phase detector),

Limits of applicetility of such a variant of the instrument can be expanded if

decrease the steepness of phase response of YaRF Gue to decreasing the time of

relaxation T2 {1t 18 of course, necessary to apply a special phase detector or

frequency divider); however, this will Jead to lowering the sensitivity of the methcd.

iy

Flg. 3. Block diagram of

a simple magnetometric
device for measurment of
slow changes of the earth's
magnetic field of Earth.

1 -~ n.uclear-resonance
filter: 2 — oscillatcr
crystal; 3 -« Helmhultz coil;
Y — milliammeter with zero
intermediary; 5 -
oscillograph,

A more coordinated solution of this problem
is using the YaRF as a zzro-indicator. With such
a method of recording magnetic disturbances the
instrument will always work on the most linear
portion of phase responses of the YaRF and the phese
dector. The simplest variant of an instrument
using this principle can be built according to the
dlagram depicted in Fig. 3., In this instrument,
which is only useful for measuring slow changes of
the earth's magnetic field, the phase shift on
the YaRF output reccrded, e.g., according to

l.issajous figure on oscillograph, before every measurement is manually established

at zero with the heip of rheostat R, which varies current i in compensational

coils (3). The magnitude of current Al will be proportional to Aﬂo and can be

calibrated in units of the field, The limits of measurement of such an instrument

can be expanded any amount and will be determined only by the constructicn of the

-201 -
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system of compensating colls,
Ir, however,. the phase shift YaRF output will be ¢stablished on zero

asutomatically, as this was suggested by A. V. Mel'nikov, then the instrument (4)
will continuously examine the changes of the earth's magnetic field i.e,, in this
cage it i3 possibl. to record both slow change of B, and also its brief variations
at any magnitude of blo.

In designing magnetometers by the describer here method it 15 desirable to
apply more perfect nuclear-resonance filters than YsRF according vo the diagram
of the Skripov generator, for instance those in which dynemic polarization of
nuclei 1is used, Taking intec account all tne above-indicated recommendations the
instrument can huve good sensitivity (o0.1 v), high noise immunity, good stability
¢f zero, will not require sxact orientation of transducer in the direction 'io
and will allow both continuous measurement of short-period variations of total
vector of the earth's magretic field and also recording of its slow changes.

A. Y. Nel'nikov and A, A, Morozov took part in an experimental check of the
method; to them I express my sincere gratitude,
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SURFACE STRUCTURE, ELECTRICAL AND PHOTOEIECTRIC PROPERTIES
OF THIN LAYERS OF SULFUROUS LEAD OBTAINED
BY CATHODE SPUTTERINC

R, Ya. Berlaga and M, 7. Rudenok

Photoconducting and photovoltaic layers of PbS are usually cbtained by
chemical method or sublimation in a vacuum on solid bases.

In this work we glve the results of investigating the electrical and
photoelectric properties and structure of (oS layecrs obtained by cathode sputtering.
The lead sulfide subjected to sputtering was prepared by heating to 1100°%

a mixture of shavings of chemically pure lead and monoclinic sulfur, taken in a
s*olchiometrical ratio, The mixture of sulfur and lead was.placed in a quartz
test tube, which was evacuated %o 5.10-h mm Hg end socldered, The massive ingot of
sulfurous lead obtained after heating had the form of a cylinder, limited on the
one hand by a hemisphere and capable of be;ng cracked along edges of crystals,

-

Cathode sputtering of PbS was produced under a glass btell at pressures from~

-1 2

107" mm Hg to 5°10°° mm Hg on bases of glass and rock salts, heated to 250-27000.
The rate of vsporization averaged 0,2 u per hour., The bases weire placed approximately
3.5-4 cm from the cathode,

Structure of PbS layers obtained by this method turned out to be very closc
to the structure of layers obtained by evaporation i- a vacuum, A large part of
‘he layers obtained by cathode sputtering did not have noticeable photoconductivity;
the sreatest photosensitivity was 16% at illuminance of 1200 lux. The

photoe lectromotive force at the same illuminance attained 25 mv; the sign of the

ohoto emf did not depend on the direction of 1light.
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Fig. 2,
Absorption
spectrum of
thin poly-
crystalline
P8 layers ‘ i o ,
3:;%::‘.:&_ Fig. 3. Electron-microscopic photography of
teri & profile of a PbS layer obtained by: 2{

ng. cathode sputtering; b) evaporation in a
vacuum,

Conductivity of layers in the process of high-temperature trea‘ment changes
Just as the conductivity of layers obtained by evaporation in a vacuum; with a
temperature rise conductivity decreases at:.ta.ining & minimum (Fig., 1).
| Before oxidation the layers have n-type conductivity, whose character after
oxidation changes, it becomes p-type.

The activation energies calculated frcm the temperature dependence of
conductivity for layers obtained by cathode sputtering and vacuum evaporation
almost coincided and are 0.39 and 0.37 ev respectively,

The absorption spectra of layers obtained by these methods were also similar
(Pig. 2). Externally these layers almost did not differ.

E Depending upon the rate of cathode sputtering the layers had a somewhat
different torm, light-gray mirror, sometimes with a bluish nuance or dark-grey or
even dull-dblack,

As electron-microscopic examination with the help of the method of profile
photographs showed, on the surface of dull, dark-gray and black layers there are

protrusions different in form. Pigure 3 gives profile photographs of layerc
obtained by cathode sputtering and evaporation, and Fig. 4 is photographs of the
surface,

The electron diffraction patterns obtained during reflection of electron beam

.._Twmv_.“www__w

from the surface of layer sputtered on a hot base had a form typical for
polycrystalline layeras. }
By sputtering PbS on a chip of rock salt we cotained a single crystalline

film that one could see from electron difr"raction patterns obtained during passage

IR S hhafiniehin A - AR

of an electron beam through a thin PbS layer (Fig. S).
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Fig. 5. Electron diffraction

Fig. 4, Electron-microscopic photography patterns of PbS films obtained
of the surface of PbS layers obtained by: by cathode sputtering: a)

a) cathode sputtering; g{ vacuum on a gless base; ) on a chip
evaporation. of rock salt.

From the performed investigations one can note that cathede spattering
produces polycrystalline layers, very similarly in their properties and structure
to layers obtained by vacuum evaporation, For an orlented effect of the base,
sputtering on a chip of rock salt, we obtained single crystalline films,

From electron-ricroscopic examinatione it is clear that the grain of the layer
do not have a sufficiently clear, well faceted form,{as this is observed during
vacuum evaporation. The photoelectric properties, photoconductivity and photo
emf, for layers obtained by cathode sputtering are either absent or, if present,
then they &re lower than for ‘layers coated in a vacuum,

Diploma candidate L. I. Meshcherskaya participated in the work,

Summary
v Y&Nu':m mzm wc*:m'-:d&mmﬂv“ wergy
Thin POS lepars produced by wethed eshibil the somy prepurtios o
tagurs ebioined VLN The cbilily t» produce polysrystaliiue
»od -llihh eslhod-apuituring melind wen shows.
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AVEsiie HFAT CAPACITY OF SOLID Fe203 - A1203 SOLLUTIONS

AT HEIGHTENED TEMPERATURES
Yu, G, Popov

For ~ertain compounds of varlable composition (titanium oxide [1], vanadium
vxide [2] ard nulckel telluride {3]) it has been shown that the average heat
capacity is a2 lincar function of the index fcr the nonmetallic eleoment in the
formula of the compound (within limits of the regicn of homogeneity). In a number
of ¢ases the averzxe heat capacity of substances being within limits of reglon of
homopeneity ls additively composcd of the heat capacities of the corresponding
stoichrometrical compuunds (titanium oxide, nickel telluride), in case of vanadium
. xide n consideratle deflection from velues corresponding to edditive composition
DU CUrS,

Tor solid solutlons of oxides of the type cf isomorphic substitution data
~hout averwe a%t ~apartity are apparently sabsent., At the same time, they are
o conmiacratle trierezt in connmection with importarce of evalua'tii; the value cof
i poreopfiparational comporerts of charge of thermodynamic potential during
Cormation 2 soild surutions and i jonnection with the fact thsat heat capacity (s
a structurally sersitive property., This work is dedicated to an investization of
Lhe ddoper e

U oaverage heat capacity o composition in a ?egG, - Al,0, systens

“« J

at hedlphtensd temperatureg,
‘clid seluticns, tcntatning <, 3, &, 19, 50, €%, 78, 82, 8, ¥, y#, 37 snd

1. Boiccwlsr ¢ of Feoo, were preparei Zrom nitrates of trivalent !ron and alusinur

rsaliri~atisn pure (> sralysis). clutions ot these salits [~onCentratix of

tatilghes 3 'n voiane wethced (& o, G0 o7 the LT -

]
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solution by the weight method {4 p. 338)) were mixed in appropriate ratios.

After coprecipitation of hydroxides by the effect of NH,‘OH the filtered and

dried deposits were heated 8-10 hours at 600-700°C in alr, and then at 1100°C

in a current of oxygen. As a result of 120 hour heat treatment at this temperature
preparstions containing O, 3, 6, 78, 82, 86, 90, 9%, 97 and 100 molecular 7 of
h203 according to roentgenographic investigation turned out to be single-phase
with a grid of the u.nao} type.

Preparations containing 10, 50 and 65 molecular % of l"e203 turned out to be
two-phase. The poaitions of boundaries of two-phase regions were estimated as
9:1and 77 £ 1 molecular § Pezoy which agrees with the results of work {5].

The averags heat capacity in the 1056-298°K interval was determined on the
installation descrided earlier [1]. The thermal value of calorimeter was
estadblished by the electrical method.

Cmpesitim (1n I Cempeesion (im
salosular # Ross sslosular %

g
g

In calculation one calorie was taken as equal tc 5,1880 abe joules, The
divergence dDetween separate experiments did not exceed C,’% and when using different
weighed samples, 50% and, as & rule, it was smaller.

Results of determinations of enthsipy of preparsaticns are given in the table
(for different weighed saaples of preparations of identical composition the
results are averaged),

The megnitude of enthalpy of p\ui a-corundum is in sstisfactcry conformity wit-.
the magnituds obtained in work [6] {divergence is 0.28}. For u-x-’egga3 the data
abtained in this work differ by 1.2% from the data offered in work {71.

The figure d-picts the dependence of enthalpy of solid F‘ez,o,_ ~ Al,C, soluticns

P
on composition,

In the single-phase regions enthalpy {average heat capacity) is a linear
function of composition. The maximum deflection Trom the sveraged stralght ilne=x

does not exceed 0.5%,
The positions of doundaries of the two-phase region, ensuing from the form o!




[t Kou/ emde devencence of en...alpy on composition, agree with the
Nr

positions of boundaries determined from the
roentgenographic data.

The deflection of magnitudes of the average heat
capacity of solid solutions from values obtained bty
means of additive compnsition of the average heat

capacity cf a-AlQO} and a-Fe203 is rather considerable,

attaining at 9 molecular % of Fe203 1% and at 77

molecular % of Fe203 3.5%, which correspord *o

[ ]
molesudar § of WS

de* iections in magnitudes of enthalpy by 200 an¢ 360
bependence of enthalpy
ol solid Fe?O} - A120}

sclutions on ccmposition,

cal respectively.

hotted lines show the Thus, the contribution of nonconfigurational
boundaries of the two- .
phase region, components to ‘he magnitude of thermodynamic potential

of the formation of solid solucions of oxides of
isomorphic substituticn can be sufficiently noticeable.

Heat capaciiy, especlally cp' even at heightened temperaturea\is a structurall,
sensitive porperty; this especially follows from data obtained in this work (see
rigure).

Correspoendingly, the linear dependence of Ep on composition within limits of
the reglon of homogenelity, i.e., equality of the average heat capacit) of solid
soliutions to the avecrage heat capscity of . mechanical mixture {the same gross-
compesition) of extreme compositions {eorresponding to pure component and & sollid
sclution, corresponding to the boundary of solubllity), glves a definite base for
sssuming that sollg FGQCj - ALQO) golutions have a s .bmicro-nonuniferm structure,

l.e., that theve is a known segregation of aluminum and iron atoms in them.

Conclusions
1. The average heat capacity of preparations of a Pe293 - ilzﬁf system wa;
determined in the temperat.ivcs inverval of 1056—298°K.
. 't was shown that in single-phase regions the sverage heat ~qpacity s =
Sinenr furction of composition,
X, The assumption 1s mage that solid Peze}-~ ﬁlecj solutions have s
sul'mi ‘ro-noruniform structure,

In concilusion the author takes this oppoertuniily to thank S, M, Ariys fcor

Itre -tian ¢ this worr and cclleagues of laboratory of reoentgernoeraphy, I. 7, *orzhir,
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for help in the roentgenographic part cf tne work.

Samegry

mean Mot espacitier of seltd eslutiems of the FayOr—AlO; system hove besa
ﬁlJ‘: Bagr denrtien of the Thiv is in good agreoment wiilh the
ron stoms. [Drglish susmary)
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ON CHLORONIOBATES OF ALKALI METALS WITH COMPOSITION
OF ue§Nboc15

Ye. K. Smirnova and I, V., Vasil'kova

In 1907 an article [4i] was published about the production of anhydrous
chloronibates, Rb2Nb015 and C82Nb0015, by pouring hydrochloric acid soiutions of
niobium oxychloride and chlorides of alkali metals and subiequent saturation of the
solution by hydrogen chloyide at 0°C.

Investigation of systems NbOClj chlorides of alkali metals with the help of
thermographic analysis {2, 3] showed that KEN‘DOCI5 melts incongruently at 486°C
and Rbob0Cl; and Cs,Nb0Cly melt congruently at 616 and 642°C respectively,

We first obtained the given compounas from a melt by means of alloying
stoicniometrizal quantities of nicblum oxychlorlde and chlorides of alkali metals
under conditions fixed by thermal analysis [2, 3}. Incongruently melted K2Nb0015
was obtained by heating a mixture of the initlal chlorides in a soldered evacuated
ampule of [P-15] ([1-15) glass at & temperature somewhat lower than the tempersture
of peritectic reaction of transformation for 25-30 hours and subsequent slow
cooling. Congruently melted szN'bOCl5 and CsszOCl5 were obtained by alloylng
the initial chlorides in soldered under vacuum (evacuated) quartz awpules at &
temperature somewhat higher than the temperature of fusion of the salt for 20-25
hours,

The obtained sampies of all salts are colored a lilac color, They are stable
in an atmosphere of dry sir; on humid air they are subjected to hydrollsis with

hydrogen chloride giren off; they are decomposed by water; in thls niobic acld is

-211-
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daposited:

2} RAOCL + 30 =2 KiyO; ag +- e’ C1 + 6HC!.

From the literature it is known that (Nliu);_,lnzocu5 is isomorphic with
{n,,)armé and is crystallized in a cubic system of the K,PtClc type. We anggect
that oxynidates of potaseium, rubidium and cesium also have a similar structure,
Powdergrame’ taken from these products confirm this,

‘ The dimensions of a cudic cell for K2Nb0015, RbZNbOCIS and Cs2Nb0015 are
9,815 t 0,004 X, 10,00 = 0.04 X and 10,29 t 0,01 X respectively,

Thus, the structure of the investigatled compounds consists of octahedrons,

mocls'?. end ions of alkaline metals., The Zirst are located in nodes of face-

centered cubic grids, the second on physical dlagcnals of the cube,
I‘l12===r=E=€hlllblnai-nqnl-hd‘=?unuuﬁuldl—k
< The czamingd compusnds boen siens to crysisl-

mmb%m o .

o 280 A s + A o= £ Q0 -A

{Rezitsh mmgary]
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1The powdergrams were taken on & [URS-50-1] (YPC-50-ii) diffractometer on Cuy,-

radiation, Samples were pulverized in a dry chamber and were flooded with oil,
which gzave protection form the influence of atmospheric moisture during the survey.

-212-




o

APPLICATION OF ULTRASONICS TO ACCELERATE QUANTITATIVE
DEPOSITION OF CALCIUM, MAGNESIUM
AND BARIUM

V. V. Vasil'yev and I, L. Sit'ko

To solve different analytic problems we frequently resort to depusition of
ions in the form oi pocrly soluble substances, The ba ic deficiency of thils
operation is its duration,

It is natural to aasume that ultrasonizs, acting thrcugh the bottom of retort
on the unstable system of the depoasit a supersaturated sclution, will promote the
fastest achievement of equilibrium between liquid and s0lid phases,

Ultresonics has huge number of applications of the most various charscter
{1}, 1Its influence is nct only mechanical (splitting, wixing, dispersion,
cogsgulation, purification, washing and so forth), but it also stimulates the
chemical processes {oxidation — restoration; hydrolisis, depoliymerlzation,
synthesis of certain substances and so forth), Its application in defectoscovy,
measuring layer thickness and reservoir depth and so forth are widely known.

For a long time ultrasonics was used to esnalyze sclutions and ges mixtures;
the concentration of one or anothzr component ig Judge by the change ia the speed
of ultrasonics or its damping {1, 2]. However, these apparently by far do not
exhaust the possibility of applying ultrasonics in enalytic chemistry, We have
used ultrasonics in phase chemical analysis of ores {3, 4). It was established
that under the influence of ultrasonics the time necessary for full extrsction of
a number of lead and copper minerals by selective sclvents is decxeased’many

times.
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To clarify the expediency of ueing ultresonics in weight chemical analysis®

to sccelerate full settling in the deposit of a poorly soluble suhstance, we
sslected the widely knovn and long ago applied reactions of deposition of barium
in the form of a sulfate, calcium in the form of an oxalete and magnesium in the
fors of & doudle phosphate of magnesium and ammonium. In just these cases, as in
nany othew, for ripening of deposit and full deposition of the determined ilon
proioaged standing of the deposit with the mother liquor and heating or leaving
it- over night before filtration 1s necessary,

Desposition of ions of bariue, calcium and magnesium in the form of the shown
peorly soluble substances was prodiuced by the usuel means, where deposit before
filtraticn was sustainsd with the mother liquor for the recommended period of time
or was left to the following dasy [5, 5]. Deposition of the same icns was conducted
8@ that upon adding & solution of reagent of the precipitator the deposit with
mother liguor was subjected to the influence of ultrasonics for five minutes with
21l other conditicne of this methcd of depcsition being equal, Flltration
Tollowed immediately after the influence uitrascnics, i.e., endurance with mother
1liquor wis net preduced.,

For this work we applied & plezoerystsl vibrator cperating with frequency
of 540 kilocycles, An slzctric generstor with power of 0.7% kilowatts was hooked
up to a [CU-80] (IY-80) lwpa; The anode voltage was 2 kv and plate current wes
0.%2 amp (with the exception of experiments wlth barium .ulfate where the plate
current was 0,10-0,12 smp), Ultrasonic vidbrations frow piszocrystal vibrater were
srananitted to the transformer oil surrounding i¢; a 30C ml conical retort
containing the reaction wixture wes dipped 1 om into the oli. The hole of tre

retort wes cloged by & funnsl,

Deposition of Caicium in the Form of an Oxalate

The initial substance for alil experiments in depositing calcium oxalate
wes & big orystal of synthetic calcite; its calcium carbonate conteant was close
to 100K, A weighed sample of Ca(':()3 was put into sglution with a minimum quantity
of dliute hydrochloric acid,

Rarmanganosssrde deteraipation Of calcium. To determine calcium without the

‘Bére we are actually speaking about deposition of 4 poorly solubdle substance;
the final determination does rnot have tc be by weight (e.g., volume or complexaeteric
determination of calcium after its deponition in the Jors of cucgau).
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influence of ultrasonics we applied the usual method (5, 6], according to which,
after adding the reagent, the deposit (CaCeou) wes sustalned with the mother
liquor at 85-90°C for 1.5 hours® or was left till the following day.

Under the influence of ultrasonics deposition was conducted by the neual
means, except that after pouring the solution of ammonlum oxalate the deposite of
Caceou with the mother liquor was subjected to the influence of ultrasonics for
5 minutes, after which followed filtration. The calcium content in separate tests
varied from 2i0 to 41 mg.

The following results were obtained:

Upon heating the deposit with the mother liquor at 85-90°C for 1.5 hours
six parallel determinations of calcium gave an average of 99,7% + 0,03,

Upon leaving the deposit with the mother liquor til the following day six
parallel determinations of calcium gave on average of 99.7% t 0,006,

Finallj, after a five-minute effect of ultrasonics twenty parallel

determinations of calcium gave an average of 99.8%4 + 0.02,

Weight determination of calcium, After deposition of Cacacu by the usual
means with a half-hour endurance of the deposit 85-90°C before filtration on the
one hand, and depogition of it after a five-minute effect of ultrasonics on the
other, calcium was determined by weight (form of weighing, Ca0), The calcium
content in separate tests varied from 50 to 100 mg.

The foilowing results were cbtained:

Six parallel determlinations of calcium without ultrasonics gave an average
of 99.9% t 0,01,

5ix parallel determinations of calcium under the influence of ultrasonics
gave an aversge of 99,9% * 0,02,

Tribonometric determination of calcium, Finsally, calcium was precipitated in

the form of an oxalate with final trilonometric t'irating. The calcium content in
separate tests varied from 50 to 80 mg.
After deposition of CaC;0), without ultrasonice {1,5 hour endursnce at 85-90°¢)

six parallel determinations of calcium gave an average of 100,04 t 0,01,

With a half-hour heating of the deposit 6 determinations ot caleium gave an
average of 98.2% t 0,1, Thus, far from fuil deposition lg observed here.

: . l1Ra
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8ix parallel determinations of calcium under the effect of ultrasonics also
gave an average of 100.0% t 0,02,
sition of esium in the Form of a Double Phosphate ,
) eslum An: onlum :
Magnesium was precipitated in the form of MgNH, PO, by the usual means, i.e., v
utthﬂlnavins the depogit for 5 hours, after which followed overdepoaition and
again leaving it for 16 hours. Finally, the deposit was heated ;nd weighed in N
the form of a pyrophosphate. Parallel deposition was conducted with a five-minute '
Q;fect of ultrasonics, arter which followed filtration, then overdeposition with a
five-minute effect of ultrasonics and then the deposit was immed: itely filtered.
The msgneaium content in separate tests varied from 5 to 12 mg.

The following results were obtalned:

Without ultrasonics twelve parallel determinations of analytically pure
preparation of magnesium sulfate (standard from set for trilonometry) gave an
average of 99.9% : 0,04,

With the effect of ultrasonics twelve parallel determinations gave an average

of 99.8% ¢ 0,03,

Determining Barium in the Form of a Sulfate

For this work we took a weighed sample of Buc12-2H20. Barium s:1fate was
precipitated, as usual, with subsequent endurance of deposit with the mother
liquor for 3 hours at £5-90°¢, after which followed filtration, etc., [6]. In
the other series of experiments, after adding neson to the hydrochloric acid
solution of barium chioride, the deposit of barium sulfate with the mother liquor

was subjected to a five-minute effect of ultrasonics, after which filtration

followed immediately. The content of barium in separate tests varied from 70 to
160 ng. -
The following results were obtained:
Kine determinations of barium without application of ultrasonics gave an average .
content of dihydrate of barium chloride of & .56 ¢ 0.02,
~Q After the effect of ultrasonice twelve parallel determinations gave an sverqyt ?

centent of pure substence in the preparation ci $9.6% ¢ 0,03,

Conclusions

i* was determined that with quantitative determinations of barium, caicium
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and magnesium, antlcipating their preliminary deposition in the form of barium

sulfate, calcium oxalate and double phosphate of magnesium and ammonium, for e i

practically full settling of these ions in the deposit a five-minute effect of

ultrasonice on the deposit with the mother liquor is sufficient, instead of prolonged e
* endurance of the deposit with the mother liquor during heating, or leaving them til ;i;
the following day before filtration. 3 i
* The observed facts can apparently he a nev aseful application of ultra-onics “li

in analytical chemistry.
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