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URAVNENIYA DLYA VERSHINNYKH CHASTEY I SVYAZANNYYE SOSTOYANIYA
09 English Title EQUATIONS FOR VERTEX PARTS AND BOUND STATES

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

"42 Author 98 Document Location
BRAUN, M. A.

"16 Co-Author 47 SubJect Codes 20

NONE

16 Co-Author 39 Topic Tags' nucleon, nucleon interaction,

NONE deuteron, deuteron interaction, particle

"16 Co-Author physics

NONE
16 Co-Author

NONE __ _ii_ ii _ iii

ABSTRACT The system of dispersion theoretic equations for the vertex parts w
NN and AND with a nucleon off the mass shell is studied in the low energy
region in the spinless particle model. The anomalous threshold is 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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3* JWI Title ucea si

op. qAUan Ttumnmes hrceie reuile groupA33 representationsNUCof

catation ~ ~ ~ ~ ~ ~ ~ qanu annrhumabrus(origsel-~'e aer wanction ctof n,
nucleus hnueecnsigtd. e a relation bewenery 3-state ofutheus

two..nu leo reativ moion nd uhe leair sitqunt* arvofts hel

Rodelwave fucio"a been snetg tudiTed reator betwe0 the Sstate of thetwnulo

can be represented by the 3-state. Using the seniority operator definitionx

4Fi L mjQ9LMbACW+1)&j.*

A similar a,-clysis is made 'or the case of n nucleons. It is shown that
classIf icatior by the ;V-.tum number [f) and w can appear at the same time
as an S-state rs'ic-eon -.ellht classification ir relative motion. An experi-
mental regular..ty !.L 6ound to be present in the values of binding energies

of &*&a11 , whi.... assume-a the ei Ltetnce of two-. th~ree-, and four-m*Acloon clusters. The method under cons-ideration makes it possibli to treat
Gouletripl1e, and quadruple nucleon correlations on the basis of the same I

effective two-body interactions of nucleons. A physical Interpretation is
qgIven for the experimental facts concernin~g energy advantage of states with
tb. louwest seniority and isotopic spin. "the author is grateful to A. I.
But,, Doct',r of physical and mathematical sciences, and to Professors Gi. F.
Druk5ZiSv, V. 0. Ippolitov, and V. Feyfrllik and to G. A. Chilashvili, Candidate
of shsical, and mathematical. asiences, for their valuable help." Orig. art."
haseS formulas, I figure, and I table. Znglish Translation: 15 pages.
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NONE

16 So -u thor 39 To i ie in la ti sca ter ng

16 CAuthor nuclear crossr ecion

"16 Co-Author
NONE

ABSRAu The partial cross-section transition from the -chanel to the
i-th channel for complete orbital momentum L is given by

ZIWII I 170

whore T - scattering matrix. A three-channel case in conridered, and the

resonance effetct in the inelastic "rlss section j 1 2 is also considered.

The nature of the inelastic cross sectimri c,, anomaly near the threshold
K = 0 is studied, and it is shown that the gr.-ter the probability of
inelastic processes 015 and a23 the greater w' 1 bu the anomaly In the
threnhold K. = 0 of inelastIc crý,ss section - 1 2 " The behavior of p-wave
Inelastic cro:'s section ci near the threnholl of seconutry Inelastic
rcactrion is Investigateu. Ab ve the threA.,Id this Is giv,-n by

and below tho' threnh-dd, by
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"*The author is grateful to G. F. Drukarev for evaluating the work."
Orig. art. has: 18 equations and I figure. English Translation:
5 panes.
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43 Source LENINGRAD. UNIVERSITET. VESTNTK. :ERIYA FIZIKI I KHII4I (RUSSIAN)

"42 Author 9 DocumMnt Location
JKRIPOV, F. I.

"16 Co-Author 47 SubJect Codes 20, 18
NONE

"16 Co-Author 39 Topic Tags, nuclear resonance, magnetic
NONE field, Fiolarlzation filter, magnet ization

16 Co-Author
NONE

16 Co-Author
NONE ___

ABSTRACT A theory of the operation of the nuclear resonance generator in
the , irth'K magrn't.1C field I! given. Tht, P'tckard-Varian theory (Bull. Amer.
Phy:'. 3 W P,, No. 7, 1953) is reviewed amn found to, be fefictent for con-
tinu ':. mea(.urerint ,,f f ielr. A new m,- h-i develored by the author in

f'.'* i,:u:7 .,,J which is bi:,, ,n i ni .1,.,ir r -., n'nce generator with
ti u: ] '-,r1 itI In of -, fl,,o% InHA (.'attr in this case). The water

I'' ,..iru*h -i ".• ;nettzini- (i l'a•ri:-t n1) "il If ýtrength Ji which Induce,
Sr mngnet I:-ntt, M -ii , :'luii r mrt.wi to field strength

H + if(4{ ( - t, rim'.trial fli 11i. The 1i pi" 0ý-n f'lws through a tube into

rrin,-) coil whi,ýh create!Ž -tr. tter-,.tinf field at res.Oance
'q ,, A m., 'k-up test it; d'scribf I w! .t t i} ,w rtite of 400 cm- per

- i 4,_4t0 lttlS. A fimilar nnunrirum,,nt utili:I, the Overhau:-er au,clenr
Si-i i •t r m,�1,i devi,.i by A. Abrivn, ,!i. .cbrE. ,n and I. Solomon
(1 . , 1'71 "Ir-F ),, 1,,. a n I. ' t .' .I-. T- -'r,' ii ,- Txprer,.1,)nr

a -� -~ r•r' : e magnet ifl:in: -irid " rir" 11,i-. A Implifled form for
ru ' ", m',n -' t! .. n in q time Irtorv7I o. . - t• given i'y
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."q 8"lirb Title RAIATrION OF Sb 1 25

S LENINGRAD. UNIVERSITET. VESTNIK. SERIYA FIZIKI I KHINII (RUSSIAN)

ANTON IYKTA, NH. M. t Location

10 . .... .... 47 Subject rodOs 20

6 €-authr oz39 Topic Tages conversion electron spectrum,
NONE spectrometer, spectrograph, neutron

••'o,"th -irradiation, beta spectrum

NONE

AaThe O-spectrum and the spectrum of conversion electrons of Obl'O have
been studied with the help of a magnetic spectrometer type "Ketron" (B. S.
Dzhelepov and A. A. Bashilov. Izv. AN SSSR, ser, fiz. 14, 263, 1950) with
0.5% resolving power and a magnetic spectrograph with 0.15% resolution.
Investigation was conducted on a single source specimen, chemically separated
and n-utron irradiated. Among the various Sbl2' measurements conducted were:
the 0-spectrum, K and L conversion spectra, 7-radiation energy, multipole

S125  Te25crfer transitions, and the Sb -Te decay process where more precise data
were obtained than hitherto possible for the energy of 1i5, 321.3 and 463.1
KIev levels. "The -ýuthors are grateful to V. I. Perrimond, A. A. Zhdanov,
it. Stegalkina, L. 4olmy*kova and Yu. Golubev for their assistance." Orig. art.
has: 5 figures, 4 tables, and I formula. English Translation: 7 pages
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09 English Title DEPENDENCE OF ANGLES OF ORIENWTTION IN DYNAMIC DOUBLE
REFRACTION ON THE VELOCITY GRhDIENT

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

42 Author 98 Docummt Location
BUDTOV, V. P. -

16 Co-utror 47 SubJect Cvde0

NONE

"16 Co-Author 39 Topic Tags. flow angle, double refraction
NONEE molecule, macromolecule, polymerization

"16 Co-Author flow velocity

NCNE
16 Co-Author

NONE
ABUSTRA( The orientation angle of polymethylmetacryl (PMKA) solutions in
tetrabromethane for six fractionated and unfractionated specimens has been
studied in a velocity gradient range (shear rate) 4 to 2000 sec-1 . The
velocity of the solvent n varied from 6 to 15.6 cp. In the region of small

velopity gradients it is shown that tan 2t/g is a fun-iction of g2 , where
S- T/4 - 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 correlate the experimental data successfully.
For gr << 1 this relationship is given by ff'--- ?.;'

It is seen that tan 20 is proportional to gT for gr << 1, and for gT > 152
the coefficient of proportionality changes from I to 0.2. For q > 5 x 10"

poise, A - 0.23 : 0.07 for all 6 fractions studied. The influence of the
hydrodynamic anisotropy interaction is taken into account, leading ti

=,M%~ ' +. with, the ,orroopoding

~'~q~ ilq.n( - .).Tho capitude of double rofrastion then baoc-.irý.

+- .. ,ore i +.. -) and k Is a o*an &?I .

A good agreement ts observed between the theory (taking into account the
hydrodynamic anisotropy) and the experimental data. Orig. art. has: 15
formulas and 7 figures. English Tftnslation: 9 pages.
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muchBDem~ical equaiiruexhnerecin

sorption, desorption

AhS!~A spectral isotopic method for the determination of hydrogen in
aluminum and in some of its alloys has been developed. Both cast aluminum
alloys and pressure-worked specimens were studied. The isotopic equilibrium
was carried out on cylindrical specimens 5-6 mm in diameter, weighing 10-20
grams 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 cm2* The isotopic eqiuilbrium duration in Mg, Mn, and Cu alloys
wab 25-30 min. Phe type of treatment previously used on the specimen showed
no observable effect on the isotopic exchange. The resi Jual hydrogen content
measured for the various aluminium alloys was 0.1-0.2 cm-'/100 gin. This
method enables one to determine separately the gas content in the surface
l~ayer as well as in the bulk of the aluminum spectikten. Because of hygro-
scopic films observed 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 layer were also studied. "The authors wish to thank Professor
A. N. Zaydell for the advice given." Orig. Art. has: '4 tables and 1 figure.
English Translation; 6 pages.
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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
NONE line, atmosphere, kinetic theory,

16 Co-Author Doppler effect
NONE

16 Co-Author
NONE

ABSTRACT Assuming that the broadening of the 0O2 telluric lines is deto

collision attenuation, the line contour can be described by the expression

for lines whose intensity at the line center is zero. Several lines in the
spectrum of the center of the solar disk, which satisfy this condition, were
scanned photometrically to determine the mean free flight time T . Investi-

gation of the P18 line in the A band (wavelength 7659.37 A) gave To - 8.4 x
-12(welntx 10- ssc.. Measurements at 3060 m above sea level of the P8 line (wavelength

7632.17 A) resulted in the value To = 8.21 x 10-1 2 sec. A theoretical cal- [
culation based on the kinetic theory of gases leads to a mean collision

frequency of 2 x 109 sec • for 020 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 T a more precise model of the standard atmosphere can be made.

Orig. art. has: 8 equations and 2 figures. English Translation. 4 pages.

FrDv Ft 0-90



'•+ +• ZITIS I, MDI 11CHRLP

Xt Tran =.,,lation Irr 5s X Rat Ac .r 7"5, Reol/Fu WK
tina .ic 0 0.c., i

1 0054 6 0000 1 0079 0081" NONES••-•=t .•= + • it"* PRIBLIzHENIE IZOLIROVANNOY LINIT' PRI PEREN0SE LUCHISTOY

UNERII V VERKHNE ATMOSFERE
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47 Subject codeM 20, 64
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The use of the approximation of an insulated line for simulation of

iufrared spectra of absorption in the mesosphere and upper stratosphere is
poasible, 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 fl:'•t requires the
giving of

th' aeconr. of where AF,(Z,s') is t.ho abz.ortion

function for radiation flow between levels of the atmosphere z and z'. Orig.
art. has: 2 figures and 2 formulas. English Translation: 3 pages.
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09 English Title p

ON POLYANIONS IN SOLUTIONS
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43 Author 98 Doc�.aent Location

16 SILLEN, L. G. 47 SubJect CodO.
07

NONE
p.-

NONE constant, vanadate, molybdate, chromate,
16 Co-Author 39 Topic TAQSI boron compound, equilibrium
16 Co-Author polymer structure I

NONE
16 Co-Author

NONE
A3ST3A�T In this paper 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 chromnates.
A new theoretical method using computer technique has been proposed. This
method has given good results based on experimental measurements. The
question on the structure of polymers is studied as well. English Translation: I!
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16 Co-Awthor

A*SZ~The heat absorption in the temperature region of phase transformation
of WC1 6 and Tad 5 has been measured. 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.

i~ilsh ranlaton:5 pages.
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ABSTRAC~T The charge of precipitates measured in [Cl and HCl sciutions 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 I
other investigated cases the charp's is negative. In Cud 2 aclutions all

precipitates acquire positive charge. Surface conductance has a minimum I
and in some cases reaches zero at the isoelectric point. &i~lish Translation:
7 pages.
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O 1.b title SZPARATINO AND ITDEMTIY•O RACTION PRODUCTS OF DEEP SPLITTING OF

4Fbgte LENINGRAD. UNIVERSITET. VEST2IK. SERIYA FIZIXI I KHIMII (RUSSIAN)

" Autbg W Doument Lo'atior I

MURIN, A. N.

15 I-Ant 47 IM mt o 07
TONILOV, S. B.

16 ¢..Aedtk '9 TopI fta"s ion exchange ehromatography,
YUTLANDOV, I. A. germanium, isotopei, €C.-Ast

NONE
16 Co-Asthm

p

""W A germanium target was irradiated with 660 14ev protons. The spallation
products were separated by ion-exchange chromatographic methods. Identification
of isotopes and check of radiochemical purity of separated fre.ctions was carried
out by means of a gaima-spe rometer. A 145 kev -y-line found out Ln the zinc
fraction was ascribed to Zn . English Translation: 7 pages.
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43 Soure*
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42 Author- 9; M.aee Lcati0on ~ ~ cerst~

NONE-st 4 oecompoudk

16 Co-Author
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AMTRACZ The activities of ýhe components of the solid solutions MaClKCl - CdCl at 540, 580, 623 C have been determined by the method of thethird component. A~, AH, AS or the formation of these solid solutions
have been calculated. English Translation: 12 pages.
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0. fteliah Titi AEPROMIUTRIC TITRATING CERTAIN CATIONS BY TRILOW B WITH

IflINGRAD. UNIVERSrIT. VISTNIK. SERIYA FIZIKI I KHIMII (RUSSIAN)

42~~ ~ ~ A~b Dc t Location
WflSAKNRIT, L. S. Sj~ d 72

PU8TOSHKINA, M. P.
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carried 3ut on rotating platinum anodes in solutios of 0.1 n MH 4NO 3 + NH 4OH

- ~ ~ ~ ~ R 100Im nK0 P - 5,.7) at 200 C. The oxidation rate is
determined by diffusion at potentials more poalt've, than +0.7 v and +0.85 v

* respectively. Demonstrated io the possibility of amperoaietric titration
with a :!icroplatinum rotating electrode of Sr(NO 3)2 solutions against
0.1 n W No,.NW4]OON and those of CuS04, Ni3S0,, HL. (P (Mo 0)] - against

C.2 r~ KNO witt. tti( ' ntents of Sr, Cu, Ni and No fromn ).25 to 70 mg using
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ABSTRACT

It has been demonstrated by the present Investigation that Ion-exchange

resins KY-2* K5-4f5-2 CDCP, 3A3. lOrl. AHll-I AB-I7 are not oxidized
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-17 and K6-4fl-2 are not oxildbd by 0.02 a solutions NH.VO, at [H÷J =
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AB-17 - at (H*] - 10-*- 10-3&;M-; all Investigated Ion-exchange re-

snls are oxidized by 0,02 a solutions KMnO. at [H÷J - I0-w -- 5 &-0.

According to their stability towards oxidants Ion-exchar4ge resins can
be arranged in a row as follows: KB-4 f"-2>AB-17>KY-2>AH-l >
> CBCP > 3Xm3-10-11 > AS-16.

The partial oxidation of the Ion-exchinge realns by 0.02 n solution
K,Cr,0 1 has been stated to have practically no effect on the exchange
capacity value. English Translation: 6 pages.
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of extrapolation of *t2

M,-' ~An! 14' 0' +kc1III + ~

(g-velocity gradient, M-molecular weight, n - viscosity, and [-y 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

with Iy as a function of q s /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
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EQUATIONS FOR VERTEX PARTS AND BOUND STATES

M. A. Braun

There exists a point of view, according to which in the usual dispersion.

approach or in the method of double dispersion relations at least part of the polo I
of amplitude and residues at them are not arbitrary, but are determined through

other poles and residues. Particles associated 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 (finite number of partial waves, consideration only of nearby

sintgularities), then the appearance of pcles corresponding to the bound states can

be observed. In work [(] 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

ain essentially connected with the approximations, and may be absent in exact

theory. Another weak place such an approach to the problem of bound states is the

fact thqt determination of bound states should occur simultaneously with the findir'r

of ill scattering amplitudes - a problem of incredible complexity. Li
I:tiktnbccler and Cook [2] recently proposed another method f'or the study ot"

bound states, based on vertex parts. Authors considered a nucleon-deuteron vcrtex

in the lowest nontriviat order of perturbation theory, and disregarding spins

obtained an tquation for msSS of deuteron. With consideration of spins, the

, Iation was not obtained, but it was possible to estimate the ratio of D-wavc to

"-3-
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.;-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.

We will everywhere consider scattering amplitudes to be uniquely defined by

known quantities. We will not be concerned with the question of their constructiozi.

. it turns out within the boAnds of contemporary theory it is impossible to decide

whther it Is indeed possible, 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 assumd from the very beginning, the equations actually make it possible to

determine approximately the mass of the deuteron through the masses T-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 Y) for the reactions wi + NI - T2 + N 2 and Y,1 + N1 - D + N,

respectively. Variable s in both cases is (pr + pN)2, and t - (P•i " P2)
I£ 1 2

for the first reaction and t - (Pr •-) for the second. We will introduce two

"vertex parts:

(JN - nucleon current).
2 (i+ 21)For vertex parts in the interval (m + i)& a's (m + 24) the following

relationships of unitarity will, obviously, be accurate:'

In V w (S) ve f().(u (rK

F0 and G0 represent S-waves of corresponding amplitudes F(s, t) and ;(s, t) azid

function p+ (s) is the boundary value on the upper side of the section s I (m. + •,

of the function

Tr,:t :'rlstion of unitarity for F0 and G. with the same s have the form

1m and a are the mass of the nucleon and r-meson.

18 i 4-
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The main assumption 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 181-e.. As 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 F0 and G to be given functions. Besides a, they contain as

parameters the constants of the rNN-bond g and NND-bond f, and also the mass of the

r-meson 4, of the nucleon m, and of the deuteron mD. If we consider that equations

(i)-(4) are assurate at all s a (m + 4) , then from (1) we can determine V through

F0 and from (2) we can find W through V and Go. After this we must require

fulfillment of the evident conditions:

V(u'-S, (5)

(,,-... ( 66)
Condition (5) can always be satisfied, inasmuch as equation (i) determines V with

an accuracy up to a constant factor. After that condition (6), as one might think,

gives an equation connecti,,g the quantities f, g, m, 4, and iD. As we will see

below, the basic contribution to W is introduced by members proportional to f. I

Therefore f drops from equation (6) and there remains the bond between g, m, ", and

mD"

2If fact we should, of course, consider that starting with s - (a + 24) new

members containing nonelastic amplitudes are added to the right sides of equations

(i)-('). At present consideration of these members is impol,3ible. We can only

rtfer to the usual argumentation that nearby peculiarities give the main contrlt'tlor.

iater we will pause in slightly greater detail on the question of how much the hilh~t

!i 'tudes can change the qualitative and quantitative side of the arguments.

Very curious, however, is the fact that even in disregarding the contribution

rctom highcst -tmplitudes conditions (5) and (6) by no means talways lead to a

• c'i:i'tlorn between masses and constants of interactior. Tis is explained by th(

t'"? that ,qoation (5) can have not one, but several linear-Independent solutions.

•,ciiscussion of this question will be cord,,cted below.) First of all we must

coisider that th- jump W is different thain z'iro 6lso at s < (m + k) 'anomalous

t re eshold).

-5-



Disoersion Relation for W

In order to find Jump W In the nonphysical region, we will resort to aialytL'

continuation by mass. The general scheme of calculations is presented in work [4)

where, LAdeed, a considerably simple case Is examined. We will consider the mass

4*f the antinwleon, appearing :in determination of W, equal to Via< a. Then tht,

Phalsial region* will cover beaus *,.-~fad .ý(mo+ V-r. At sufficiently

Smll x the region s 5 (a + 21L) 2 of ineerest to us will become physical, and we

will be able to write the dispersion relationship

where a(@, x) - V(s)OO(s, x). In (7) our main assumption is used: W-0 as II1-".

Now It is necessary analytically to continue (7) In terms of th. variablh.

up to x - a2. The possibility of such a continuation Is assumed. Let us assuwn

also that In the second integral in (7) the continuation Is carried out in trivi,.!

form, i.e., In W(s, x) is replaced by In W(s, a2).' In the first Integral the

matter is more complicated. a(s. x) as a function of x has a singulmrity. Tht

V I amplitude Go(*, x) has a right section when s I (a + ) ) ud a left section whl-h

approaches in the complex plane a. With a growth in x the origin of the left

section emerges on the real axis and at x - x0 it reaches to point s z (m + i)2

This prevents direct the analytic continuation of expression (7) in t-rmns cr" x.

Singultrities of GO(s, x) in terms of variables s, when a a + +)', artý

determined Dy conditions t - t0 or u - u 0 when coo 0 - ±i; t and u are Mandeist-,-

rariables for amplitude G(s, t, x) expressed through s and the cosine of the

scattering angle in the system of the center of mass (c. a. a.), •-os 0; t0  J..I.

are singularities O(s, t, x) in terms of the corresponding Mandelsi.an varlableý.

The ncarest singularities are obyiously, poles to - MM ajd u 0 - 2 Th foTll,:.w,. ~1-,

"sinularities are t. a (a + 1)2 and u 0 - (2m)2.

Let us consider the ciosest singularity t - a2. When cos , - U

1n, re 4, and qD are magnitudes, of 3 sowntums of the J-,wo •ud , -.t, ror" a- '. :

"'We consider only the lowest anomalous threshold.

~-65-
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2M Equation t - m gives four values of B in

which singularities of G occur: a -

s - 0 and two more values sI and a2 . When

x < (m - 4)2 aI and a2 are complex. When
Fig. 1. Singularities sI and s2 x a (m - 1)2 singularities a, and s2 emerge

c," the, amplitude G0 . Arrows
on the real axis and diverge into variousindicate the motion of singularities

during an increase of x from sides in trhe interval (--V)u(m.4j
(m - 4)2 to m2.

If we consider s4 a 82P then when

zUx* m(-+p$--j4 s m(m+p) P and with the subsequent increase in x, I, moves to

thf- left. When x - m2 the singularity occupies the position s9(m 2 ). We kno% that

2iloft4*. Designating nO 4n-_1, where y is small, we will find correct to y

During the analytic continuation we should consider x to be complex:

S= xI + ix 2 . We will take x 2 < 0 and x 2 << 1. Then the singularities s 1 (x) and

2s 2 (x• of amplitude Go(s, x), proceeding from singularity t - m , with an increase

of X. from (m - V) 2 to -2 will circumscribe the lines which are shown in Fig. i.

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

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

samt. figure. This signifies the addition of a new section of integration

If we consider other singularities wh,:. t 4! (m + L)2 or u - u., then it tur-.1

out that on plane a singularitles of GO(s, x), r,•t reaching up to (m + )2 with an

2.of x up to m correspond to them. Therefcre these singularities do not

!:.tAt~r thto ainalytic continuation with respect to x.

ii,- separatu fr'm , x) that term which has the singularity corresponding

1m-4. 4Mk+-, . I does not contsin singularities cornected with t - m21

,.,.otrLti o 0. to •7, continues with respect to x trivially. I

r.,vrs~.•t., ann S-wave for only one diagram (Fig. 2):

.: :� �,wg : . ".e trar- cx the logarithm rttt': .: rc, . when n < - r.- I . .. ,4-

"TT



selected. When a decreases from (m + u)2

- 2to (a - 4) remaining higher that the

real axis, z describes the curve depicted

Fix. 3,Behavior ofa in Fig. 3. At the point s - s3 Go1S of

with a chea in a from undergoes the first discontinuity.

P15.2 - (2. -)2 + 1to Ths means that through poin:ts on

rup~dz ~+~)e 10.30 M1 M toplane s there passes a complex section

perpendicular to the reel axis. For trie

analytic continuation with respect to the mass it is more convenient to consider tha

fwiction GO0(s. x), coincidir4 with Go when a a s• but not having a complex

se-tion. After the section, obviousl~y# 46m= +• . In the interval

Vertex part W(s, x) when x < x0 can be written in the form Wan+W, By W

we designate dispersion integrals, continuing with respect to x in a trivial for-,

where

Me 4M V () Gov. X) M VS(#,) O.s~ 4

We will take advantage of the fact that according to (1) the Punctior. V (s' c.-a tt

continued analytically on the upper half-plane s, and we will displace In (10) tUt

inttgraticn ccntour to curve C (see Fig. 1). Then

(iigns +m and -' pertain to valu-. of a, on the upper and lover parts of the loocw

-f integration). When x < x0 the second term is equal to zero.

For the finction al(S, x) it is possible. 1P turn, to write th, dispers'Lr.

relationshtp

Cort'or C, Includes the rerAining Left sectios proceeding both frcM • •J

. txl of the. lo not reach point a (a * ,L)e. Wher. x - 0 --cl.t .

;A VE", and with the *aialytic cor-tinuation a, In the lirs,. ' u. s•_1!

.urn to tht second lawfia of the functiwn tm em to4). We find %her.
bte rin ht. :



It follows from this that when x > x in the interval s,(4<84A(+p, the difference I
a + - a- is nonvanishing and is equal to

"Wc: will find that wien x m2 for W the accurately Aispersion ratio

(15)

2
Let us note that Im W is continuous at point s - (in + IL)

Equations for the Bound State

If we disregard the contribution of multitail amplitudes End very high energies,

then the dispersion relatiorshlp (15) together with equation (1) allow the

Ittermining of V and W in terms of quantities F0 and Go, considerel to be known.0i

rhe question appears, indeed, whether relationships (5) and (6) lead tc the bond

t.twren constants g, f, m, i and mD entering intr F0 and Go, and is nct this bond

trit result of the approximation made.

Let us assume now that disregard of multitail anplitudes and very high energies

i. ".lid with all s's. We will consider ttat in the dispersion relationship (45) the

ast memter is negligible, and te:at equation (1) is accurate when all s t (m +

lf. this case - can find V(s) in the gener3l. form in terms of S-phase 50

TN-sc-attering. It when ;-.I<-4s(a+k)•s-O, _ 1. ±2.. 1)k<) , then, as is wf' U-

kri-: e5| equation (1) allow3 for V' independent so!,'iors. Whecn &<.180,O 0

tx-,'. a Ond I>0. 1-s•+I; wh r. a iO and I=@. SIm . A gtanersl solution of "he

i-on Is obtaird from the solution, uiminisning fastest of all by multiplistior

, oly'om.il ••F. (sl with arbitrary coeffIcients. Substituting the fcunj V

, JA't<w# weuninue" de te rulte W.

• t u:::',•rr. to- r.ation ships (i5) and ts). Only Ln one :ase do t~hey irmdiat.ly

-- "•, c 1n e b.-tws1en the masses and -Otsts:•ta of Int raction: if i - 1. With

" ,",-Pd .rect to the :onstint factor, which i- fond from (c).

Vt . L' ives thf unknowT, tord.

if ~ h pitzIr' -har%6ez Iu arril. f -Ž*then the fquatict;-ý.

- ~ .- ro hi~~ ~ i C ~..r.re1,;Acr.athlcs &P' -(A r



satisfied with arbitrary masses and c'upling ccnstants, i.e., in th.!s case the

particleE are independent.

It is possihle to introdace into the consideration not one state with a

nucleon charge 2 (deuteron) but several with mlses all,... and coupling constantz,

I e, j ...... ll the arguments wlould be applicable to each of the vertex parts

WWi #or these particles. The number I of linearly Independent solution~s of~

equation (V) can be naturally interpreted as the number of independent particles.1 (Including the nucleon). The 4 relationships on the mass surface V=g, W40f=1 alicw

uniquely fixing of all I arbitrary conz..ants. The remaining particles prove to be

states of Independent particles. Their masses and constants of interaction are not

arbitrary but satisfy the relationship U(u?--f, in wjhich W no longer contains

arbitrary constants. It is curious that the rnumber of independent particles in thin

model is simply connected with the asymptotic behavior of b0 when 1-4 and is

*¶ccessibie to vxperiven.,al observation.

In a real case, when contributions from more distant sections are considered,

it is impossible to determine the number of independent solutions fer V and W in

tfe contemporary thecry. We believe, however, that qualitatively the picture does

not change, i.e., a definite number of independent 3olutions exists, and this

number In principle can be ol~tained experimental].y. Some support for this

convicticn can be found in the fact that if equations (i) and (2) are supplemented

b- the contribution of two-particle amplitudes, appearing during very high enerfie

(for instance, frcm intermediet tites ND), then the character of the solutions

does rot change, although the bond between thn number of independent solutions arid

t)e experimentelly observed quantities is essL.tlally compl.-ated.

From what has been said it follows that at present it is impossible to decide

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

15) and (6) serve for the determination of constants 'n V and W. The answer to

this question requires an investigation of V and W when s--•. We can however,

assume from the very begiruiing that the deuteron is a bound state, i.e., that only

oi-, solution exists for V and W. Then equations (5) and (6) become niontrivial.

it solutions of equations (5) and (6) in the assumption about the uniquen'>srs of V

gJRd 1ý give a reasonable value of the mass of the deuteron, then tiAs is a strong

ii-iment in favor of "connectivity," of a non;elementary character of the deuteror0.



Otherwise the deuteron is an independent particle.

In the following section we will briefly discuss .he question of the

approximate calculation of V and W in the assumption about their uniqueness.

Determination of the Mass of the Deuteron

During the calculation of W(m2 ) the main role in the dispersion integral is

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

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

on the other hand, by the proximity of the anomalous threshold (8) to the point
2 2

s = m and the behavior of Im W(s) when s'z . Near s = m , Im W is great, since

it is proportional here to i/y (let us remember that n-=-40--yl and y is small).

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

the region of m2 . For the determination of V the condition of unitarity (1) is at

our disposal, which can be rewritten in the form

V @ s,(,)V- (8)+,() (1

where

8 '1. (M +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 = 0 when s<(M-2+f.

If 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 a--a the quantity V(s) is a slowly

vary•ng function of values of u(s) and r(s) when S)32 (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). In 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 50 (s) and r(s) with large s, under the condition

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 b0(s), and starting from some large value s - N we will replace the constant

)O(N). If in the interval (m+pY'CaN the phase 50 does not pass through

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

-]I4



to

In the integral we should consider 46(e)-=-(N) when

Sa•N;ki•(&fw" ; A is an arbitrary constant, which is

determined from (5).

-I on gw different a. The use of formula (17) requires knowledge of

Tn the interval $ ,-'' 0 the S-phase of rN-scattering in the interval
no solutions exist.

. The phase can be taken, for instance,

from experiment. In our spin-zero model, for the purpose of illustration of the

method, it is reasonable to start from the rougher approximation, in which it is

necessary to know only the length of the YN-scattering.

In the vicinity of S=(m+p7P the vertex part of V on the basis of (1) is in

the form

S~(18)

(cf. [•]). Functions vand v 2 are analytic in the vicinity of (m + ) 2 and there

can be expanded In series in powers of s. e9(S)-mfl+*G+... . Constants of to

are determined uniquely from (5) and the requirement of realness of the right side

of equation (1):

,M41- Jý dS 6; (19)

a is the length of S-scattering *+N-.e+N . The remaining terms will be

disregarded, since in the main domain of integration p1 is small. By this

consideration we replace quantity p+(s)V'i)GO(s) in integral (15) by

S..(the difference is proportional to p I We

obtain for W(m2) the expression

'i-, m I;B

W ~u u~ ~7~ *9I(#) _aP47*dasPi(5)(S)j (20)

whe re

Equ-.lng 0) to constant f. we find an equation not dependent on f and

determining mD in terms of g, m, 4 and a. Represented in Fig. 4 is the obtained

-12-



it pelC-1,1c•, of quantity -y, connected with mD by the equality mx24mx--_ , on the

,- ;..s vt NI,-interaction of g with different values of the scattering length a.

.'ii- system of units h = c = L = I is used. Ifn view of the model character of the

iroblem these curves have, mainly, an illustrative value. We would like, however,

to point out the reasonable order of magnitude of the coupling constant g, needed

."or t.(e appearance of a bound state, and the natural character of the dependence of

on il .

"•'he author thanks Prof. Yu. V. Novozhilov, L. A. Khalfin, L. V. Prokhorov and

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

Summary

The system of dispersion theoretic equations for the vertex parts x
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 is
calculated by analytic continuation In the mass variable. Under the assump-
tion that the deuteron Is a bound state of the nucleons, an equaUon Is
obtained for the determination of its mass. (aaish su.ay)
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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,

etc. 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

cxact description of the nuclei a computation of the effective residual paired

interactions is necessary.

Taking into account all the above-mentioned, it is of interest to try to

desLign a model, which in the bounds of the model of independent particles (with

t ite preservatlon of all its valuable properties) wi.ll allow the consideration of

thc associatitn of nucleons in nuclei. It is natural to examine such associating

with the hflp of different residual interactions between nucleons.

The asr'impt1on was earlier declared (2] on the fact that nucleons which are



in ant S-state with respect to each other (in a system of their 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 namt

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

other.' The thus defined associating of nucleons, in distinction from "radial"
associating (for instance, the usual a-model), can be called "energy" or "angu)lar."

In this work we will show the bond between the probability of existence of L "

such associations in the nucleus and the quantum numbers characterizing the

irreducible representations of a group of transpositions and orthogonal group

(souplectic group for the J-j bond), on which the orbital wave function of the

given state of the nucleus will be transformed. Further we will consider which

residual interactions lead to the associating of nucleons in the nuclei.

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 is neccssary that among lines of the scheme of Young [f] of the n-rucleon stib

there be at least one line j':ým. 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 seniority v = 0:

where R is the radial part of the wave function of the 1-nucleon ixi Independent

particle model; u,, Vg are radius-vectors of individual nucleons ill the 3ystem of'

center of mass of the nucleus; 5.. # and V& % are spherical angles of vectors r,

and r,.

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

for instance, [3]),

P06 91. 46%K--i I

where is the angle between vectors 'a and I,.

'This means that every nucleon of our group is In an S-state wit.1 ref*,-r(r,.,
to any other nucleon of this same group [2].

-IC.



Let us now accomplish a transition to new coordinates, - is the

radius vector of the center of mass of the two nucleons; ;m is the radius

vector of the relative motion of nucleons. We designate the spherical angles of

vectors A and r as 10. and I. ? respectively.

Elementary trigonometric computations give the ratio

where :o is the angle between vectors r and k. Consequently, in the new coordinates

(1) will take the form

IFP oo>=A((,. R, o)= R ,A)((M..)-(

RM ; c onm t P-, *) '1. P)h.

During the deviation of this formula we took advantage of the fact that in the

cse v = 0 the two-nucleon wave function is invariant to rotations, and in the

selection of the new system of coordinates let us assume great arbitrariness.

This arbitrariness 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

oMe.' In case of the oscillator potential, wave function (1) is expanded into a

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 consizts 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

tl, origin of the coordinates Is immaterial for the energy of the interactions

s, en•Idered.

Thus, the state of the two nucleons with a reniority v - 0 can always be

rcpresented as the S-state of the relative motion of the two nucleons. In case 900

dtiring the transition to the new system of coordinates in function IPI|ILM> a

" will ,ppear not depending on the angular coordinates of vector r, but, together

witi. it, tLrms will be present containing this dependence; i.e., the weight of the

":-s stt Is lowered (see, for instance, the calculations of A. I. Baz' for nucleons

'Tht quti,or tnvinks A. I. Ba7' who turoed attention to such a possibility of
tti. rchynl lnt< Lrpretation of formula (.



of the p-shell (2].

Let us now turn to the case of n nucleons. It is known that every stat,'

n nucleons can be characterized with help of the operator of seniority

where

4PL Mjq 4 IPL Ab=0I+t01.s.

The mathematical expectation Q shows what number of pairs P.6O) is contained in the
stite JAM JAJ LA'.

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

where

i OOL0,)- V(, 1)- )+/,A1,- 3+.. .i - w

is the eigenvalue of the Casimir operator of the group of unitary unimodular

transformations SL%*, . lines of the Young diagram W)

is the eigenvalue of the Casimir operator for the group of orthogonal transformiticri,-,

Rmu, (u h .... as are numbers characterizing the irreducible repreaentatiois of

group Re,, and connected uniquely with the number of senority).

2. Thus, we see that the classification by quantum numbers 1A and '4 is at

the same time a classification by weights of nucleon S-states of relative motion

contained in a given state. Inasmuch as the interaction of nucleons in the S-stat,

Is 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 maximunm weight, i.e., a configuration with a maximum lenrjtr.

of fi lines of the Young diagram for the spatial part of the wave function and

* wit- minimum numbers - (with minimum seniority).

In the independent particle model there is degeneratlon by quantt.m ntimb, rn

1A and z. This is natural, since all interactions or the nucleons art redi-,

tc aS averaged self-consistent field. it i: possible to rcrmove the degener,it lI.

only with help of computation of some resid:,al interactico s tetweei t I. nu', i;.



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

Taking into account all the con'iderations about the energy role of S-states

ar.A about their weight in the n nucleon wave function, we must select residnal

interactions so that they are maximum for states with meximum fi, and mini4um 41"

Such interactions in the model of the L-S coupling are a very broad class of

_,entral forces. For the p-shell this will be any mixture of Wigner and Marjorana

forces [4]. For the d-shell any mixture of Wigner and Majorana forces gives us

matrix elements of residual interactions depending on Slater integrals [4]. Having

asr~d the appraisal of these integrals for the d-shell carried out by Swiatecki [51,

we are convinced that if the effective radius of residual interactions does not

exreed the radius of the nucleus, then any mixture of Wigner and Majorna forces

will also be the class of residual interactions which we need.

5. In case of the gram of the J-J coupling evervthing is slightly more

?omplicated. Here there clearly exist states of two nucleons with seniority .O.

being, however, in an S-state relative to the motion. Such a state will be the

isotopic singlet T - 0, the space-spin part of the wave function of which will be

j* )=I M1> But, as before, every pair of nucleons with 9=O jIf/=ON,=O) ia in

an S3-state of relktive motion. Proof of this is found analogously to the case of

the .-S coupling. It is necessary only to remember that the S-state of the two

nuwleons in case of the isotopic triplet T - I is realized only when their spins

qr( antlparallel. 1

The above-considered operator Qm--dg. where

for tne J-j coupling will have the magnitude of mathematical expectation [6]:

<*mk±- .Lw-r(T+ I)Q t+ )

w!:. re n Is tae number of nucleons in the subehell J, v is the seniority of the

stgte .A, T is the isotopic apti, and t is the reduced isotopic spin of the system.

Hence, it is clear that the smaller are v and T, the greater the nucleon

-'or'irectei in an S-state of the relative motion will be present in the

'lnasmjch as the wave function of two identical particles (two neutrons or two
trc'toui3 always belongs to the state T - 1, in examining the Interactions of idertical
;,irt icles tih.e pure S-state of the two nucleons will appear only in the case v - 0.
Oir results, thus, are of interest for the case of intermediate and heavy nuclt-l,
sli-r hert Irteractions of identical particles are considered.



given1 configuration of n~ nucleon pairs i.e., the more suitable the energy• st'tte.

As •in the case of the L-S coupling, for noninteracting particles a deger~eratlo c,"

states with respect to T, v, and t will take place.

Let uisgain consider the form of residual interactions, removing these

Adp rtiotis in such a mnmner 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 resaosible for the associatiJng of nucleons in S-states. We again arrive •

at the conclusion that such properties will be possessed by different central

forcess for the subehell jaml, amy mixture of Wigner and Heisenberg forces [(1;

fotr mJ. definite combinations of 11 forms of exchange nuclear forces. In the

srtvcles of ?alai and UmA [6), (7] there was consideration of such a form of

Interactions. For the energy of interaction of n nucleons of configuration (8T

the following expression was obtained:

U.TT W [ AV4+t(S+tj.l.

Ptarmeters I and c were determined from experimental data by levels arid

binldng energies of nwclel of the shell Jm•.. The best agreenent with the

experiment Is obtained for the following values of 0 and c: for the subahell

, -4- *mAU ; for the subshell do P=-I fte=-O.70 . For subshell jiin suci
4 T

a form (3) of energy of interaction can be obtained only for basic states of r.u-

under the condition that tne seniority is a good quantum number. However, ,'o" th.

ase of the interaction of identical particles of the subahell the depeie.r

of the energy of Interaction on the senority of form (31 is retained [6].

Thus, we can confirm that the above-mentioned residual Interactions, which

agree well with the experiment, will lead to the associating of nucleuns being

in an S-state of motion with respect to one another.

I. Let us now consider the basic states of the nuclei. They should be

Tharacterized by the mauimis value of the operator Q. Furthermore, as we have u..,

u, the case of L-S coupling, when the symetry of the spatial part -.r the wave

:'u:ctlon is uniquely characterized by Young's scheme L, this diagram irdt..,

,sA&L groups of a nucleons. being In S-states, can be contained - , T.- gi'r ,

.. ,".eon wave function. In case of two nucleons in tre basi- s;ate (Ilagrn.-.

.oun; [2]) this can be 4+plnb or 2p. In case of three nucleons s(sr*ue o1 .

this is 0+P or %-+*, i.e. . associations, analoqous to the nuiei d3 and .,'



In tt.u of "oir nucleons 'Kih-me vf Young [4]) this is 2-+1P, i.e., an analog

u'" t... i-Lar~i~ie. In ,ase of five nucleons (scheme of Young [(i]) this is W+4- .

or He'+p,

r-rrr. hn -'ergey point of' view we should expect that nucleons, being in S-states,

-ir nvre strongly conne,'ted with each other than with the remaining nucleons.

TL,-rf!'ore, for instance, a six-nucleon group with the scheme of Young L42] is

: _.. r to s! lit into two groups with schemes of 4oung ([] and [21 than, let us say,

t1to groups with schemes of Young ['] and [3]. From this there immediately follow

trt rules for selection from schemes of Young in the various reactions, whi:h

w r- ,ls-lssed in report (8]. Hence also the periodicity in the binding energy of

ttx- la nrcleon which was discussed in articles [2] and [9]. The periodicity

.- ' of tr.ding energies of the last nucleon indicates the presence of associatlons

f re -t. nuc leons. Actually, in the case of only paired and fourfold assoc I tir g

jflz; woiuld be observed on the curve of the binding energy for A--4a+3 (see Fia re

""rý.i!nlnary appraisals of binding energies with the help of calculation of

-o.n associating by the above-mentioned procedure provide a shape of the curve

o: -.o Inding energy of the last nucleon agreeing well with experimental data.

:xq,' -alcllatlon of the binding energy of the last nucleon is outside the scope

.:I[ w-'rk Pnt will be subsequently undertaken.

Inasmuch as the S-state of four nmcleoj~s

aa and two protons, we can predict that, for ir:st&,w-

it Is easier 'o extract triton from N15 than HP,

(see tableý. Let is :,..,.ider that experimental

data op binding erergýie• <: 4 Ifferer.t nucl'cr:

, I I I II' re drno! es th.e associations in light rtuile1 (table'. in "o

1:. -. rve of binding-1s - e otted line comollatloin of the table data of articles rI ,
"-rve fir the zag of

"". , ! " rfold -1 .11' were used.

raaf the t'itle confirm the ettr

the zk-qne-ctlor. bwetrn nuzleor. asf .:31- InC r I

,'rtiltli wsve -. arctic!, of the PJileuS. sr.t-.i e Le -t. - :

,rr s f IIderzc, i ind .t. rs for inst;:..r, in s1 t A' - rf-, Inrr

- '-at'~r ' ~a~ -1".r.w!s ieterminel with % great -ieure '

• . ... d 1. i,,. a :u 1,i - t rc-ssil- , C determlK-.e .. 11'

-r"- .': s .o• '-r tais, rta¶-S cf r.ue tby tnrf KnCtn! .'t4.f Of



YounTg
Configuration Type of diagranr of 11irding

Nucleus and diagram of split- splitting energy,
Young ting produicts Mev

LO+p 141 I -- I II 4Fs
i 1 N +H 1411+11.- |1

L8-6-+d 1421 I

.LIZ+,lll Ma-• 1411 -~ 141 175

Ll.t-,..,, JA2 _~l l

S.'+M 1A ~ --. I. I top
logo 81140i44 HO+We J!PJ~I4  ?aS

•411•1+131 7721

Jew 0 1 0 111+I1s' 4.46 +
1-lib-Il

Ire+ "C ~ I-14
C1+113 +4113 I

.O 4 11P"CA, We +141 15

3 + I P ?w3 241.

21 1371

The table gives data only for certain randomly selected nuclei. In general,

such a regularity is observed for all nuclei in the region of A<30. It should Lc

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

interactions, but also the binding energy of nucleons in a self-consistent fielu.

Ii. is zlear that two nucleons are bound in the self-consistent field more stronyýJy

than one. How'ever, the role of residual interactions is so great that, for instance,

to extract a neutron from the nucleus B1 0 is more difficult than to extract a

deuteron (see table). With an increase in A the role of the Coulomb interaction

increases, which conceals the observed regularity.

The author wishes to thank Doctor of Physic and Mathematic A. I. Baz', Prof.

G. F. Drukarev, V. G. Ippolitov, V. Feyfrlik, and Candidate of physics and

mathrmatics G. A. Chilashvili for their valuable discussions.

Summary

A relation between the nucleon clustering and the form of shell-mudel wave
twiction of a nucleus is considered. A large class of effective two-body intcractlon.;
Is shown to cause clustering. An experimental regularity is found to be present in
tiie values of binding energies of light nuclei, which assumes the existence of'
.wo-, three- and four-nucleon clusters. The method under consideration makus it
possible to treat pairing, triple and quadrunucleon correlations on the basis of
the same effective two-body interactions of nucleons. A transparent physical
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1.,,tr~r,',• !,:r. ts 7Iver !or the exp'~rlmental facts of energetical advantage of
,etC3 wV'11 th,, low~st ser.Iorlty Wed !3utopic spin.
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I.

NEAR-THRESHOLD BEHAVIOR OF THE INELASTIC-SCATTERING
CROSS SECTION

T. V. Zhikhareva

As Ross and Shaw [I] indicated, the behavior of sections near the threshold

of new channel is conveniently investigated with the help of M-matrix, connected

with the matrix of reaction of the K relationship

where z is the momentum, and I 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. In the

approximation of the effective radius the first two members of decomposition of

M in powers of energy are considered

" mu I)-Ns+R(5-4N,�+E" .+ (2)

+T@#A [at lo '(ZO)I.

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

matrix T

r-a. Ii-''l' (•
Tr Ma"''a' (3)

The partial cross section of the transition from the i-channel to the 1-channel

for- the full orbital moment L equals

4a K+I
"(4)
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In the present work the case of the three channels Is consiaered, and the

resonance effect and behavior of the cross section of th,: first inelastic reatict,

012 near tne threshold of the second inelastic reaction x..mO) are 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

their projections ML and MS on the separate direction are separately retained.

Therefore in examining the bond 44--ae-a- of levels of atom, L---, m-, where

Li is the orbital moment of the electron in the i-channel.

Near the threshold of the second inelastic reaction when xsuRg electrons are

formed in the state with the orbital moment equal to zero; consequently, only zero

partial waves of elastic scattering a,, and of the first inelastic reaction 012

can lead to this reaction. Thus, --- lu --O

1. Resonance in the Inelastic Cross Section 012

- 4A- - Ai(M,,- kw)- ML(M.-- •.

Below the threshold of the second inelastic reaction #,=ikg. It is conienient

to present (5) in the form

* " ' tm(-i+8)-', (61

Oo •+ N;iX•s+ k- m2-IL ,9
• "t'ze'V'AWN% a ,-ar ft + as) •

CalculatIons are zarried out disregarding AP. ax5. i/h.

The condition of resonance in the cross section a12 below the threshold gives

-- 3--(7-

•&AL x-s)•)•( M,1+ Alm)

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

the .:-matrix connecting the old channels with the new one are small, we car confil,1

that Just as in the case of elastic scattering [2] the prethreshold resonance it,

tre Inrlastic cross section is observed only under the condition A0<O. The

existence of this resonance is connected with the capacity of the attracting

potent!a! V 3 to create a bound state of the particles forming in the second

ittelastic reaction. For the resonance to be narrow, the dipAgonal interaction in

the new channel. should at least be sufficient to form the boud state, Pnd the



rnonIt7r.dleA i I rtý-rrt 1cr.s ul1t. ntr t ~r.1 Chwnnel should be small.

7 rn~ rwritter, tt'us:

In the author's work [2) it is shown that the position of the prethresholl

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

'Therefore, if the elastic channel is not connected with the second inelastic

channel namely, MgO, then the position of both resonances coincides and on the

curve of the complete cross section a narrow resonance is observed. The presence

of this bond 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

A16(h-Mj.3M(O) -44 (8)

and substitute (8) in (16). Then from the condition of resonance from & a

quadratic equation having two roots, is obtained; J coincides with (7), and VIN •

But the second resonance Is artificial, because the domain of applicability of the

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

RigSO,- ( ) I 1(9)

In particular, in work [3) in the singlet case two narrow resonances in the

elastic cross section were obtained, of which the second turned out to be artificial,

sire in the region of its location the highest members of decomposition of the

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

2. Threshold Behavior of G12

Let us consider the character of singularity of the inelastic cro&s section

in the threshold #%=O. From (5) we can obtain

V + I (AO+,.+ ( + J.)" 9 Ngabove the threshold
I.-fe.,," 

(10)

.0 ,(A,+4)J ,+2a4,(AO,,(+.x)M. A , below the threshold
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s>8 is a constawt not depending or, E% uanC. j 1. ral--,Pt•,,Irjs itre made dlsrý garJIf,-

Hence for Identical signs of M 1 anid M2 2 the case N,%<O.MN<O corresponds

to the singularity, step, and the case Mw>O, Mm>O to the peak. As we will

subsequently see, in the caso of different signs the type of singularity is

dtermined by the largest of the sections oa, and o

Let us show that the quantity of the singularity in cross section ai2 is

proportional to the sum of the cross sections of inelastic processes a1, and a

From relationship (3) it follows

" ,(j TIN•F.q.*.-m. (N.- jIj D-". (

r. T-- )( [A.M.-- (At.-- kj Ir'.

Producing the calculation in the same approximation ii, which (10) is obtained, we

have

Was

Thus, the greater the probability of inelastic processes o13 and a23# the

larger the singularity In threshold #--O in the inelastic :ross sectioi, ý12'

Let us note that In work (4) 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 creatio:i was obtained

preportional to the product of amplitudes of reactions (Tu. T.).1

3. Npar-Threshold Behavior of the p-Wave of the Inelastic

Cross Section a12

Let us consider the behavior of the p-section of 012 near the threshold of

the second inelastic reaction. In this case, according to the law of preservatic,

of ,he full orbital moment L, orbital moments I and 3 of tht channels are equal

I

o- A-o-ite-d i(n o- APO tes (r d no . -

'Footnote omitted In original test (Tr. Ed. notc,].
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r, , f ter aig.Ibral': transformations we have

. ,- It(4+44•+.4(e" +a)4 'A above the thresnold

. V" 4+!RA"++ W4(A"-g + 0 -"A below the threshold

"lewill, be obtained from a by the replacement of #i-.4. '-at

a n* 4 =0 9 N 4 I.,,

The picture of the threshold behavior of p cross section 012 is represented in the

figure.

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

.it,=r+1.%,F+lSM 1- t.(15)

Since Tmi -. in the vicinity of the threshold of creation, then

So-+ ,)IS,,P-t-.a-,a (16)

wheriwf, it follows thae -u-0 in the threshold.

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

thresnold

as=-Ak (As- -i - (17)

Considering the decomposition of M33 in powers of energy for 1>0(i]

W. -tz. disregard quantity #4 in (17).

"The ;condition of resonance in this case leads to usntrram where is
SI Li

-r•.-. h from' 171 by the replacement of i-4- 8.• •

artificial. i.e., :iequaliy I
is not achieved, then It i•s

_-'i .I I - •necessary to attract, followirng wIaber"

V+. ,.::!.'• bA.v;,Ior of p 'rcros section of % of dek-oposition cf the Mt-xttrix.,

A6o 4 63 k A c4 l.-
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Por instance. in work (3) the resonance In the p-section of Plastl scattering wlý;

revealed In eonsidering term -.-O.

In exastin the bond of a.9--p--e of nondegenerate levels for L - 0 with

a wek bond of %--0 the position of resonance In determined by formula (7) wilt,

the replescumt of %-*14

In concluslon I wvsh to express deep gratitude to G. F. Drukarev for his useful

discusslons.

noný tNEMd Oe amooe an.ism ~I
la &W bF 04 M to ft 4W -
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N JCLEAP-RESONANCE GENERATOR WITH FLOWING LIQUID'

1x. Skr0'ov

§ I. Introduction

The phenomenon of nuclear magnetic resonance, discovered at the end of 1945,

soon •roduced a true revolution in the methods of measurement of strong magnetic

fields. The well-known relationship between the frequency of resonance (i.e., the

fr.qufncy of the Larmor precessicn of nuclei) v. and the intensity of the magneti'

H. superimposed on the sample

A(i\

g- yromagnetic ratio; o - a small correction &% compared to unity, conslderring

the shielding of nuclei by the electron shell) allows reducing the measurement of

tx field to a considerably more convenietrt aid azcurate measurement of frequency.

Th. extreme narrowness of the resonance peak in liquid samples (soe_' • tc'

fra-tions of cyi-les per second) and the exctp..Ional stability -f the coefficlc,:

%up to 10 and above, in a sufficientl!y wide range of external con*i, -

V the invariability of the chemictl com'ositltn of the substance is ensuref ýa;se

s sufrlciently high sensitivity o: the methed and, especially, higt reprodu•|b4.'1.

th- oltuined resilts. Moreover. the only unit of tquipment requlrlrng

•Ar- -f- wvs prep.Ared by thr aithrý- in l9*1.

__



experimental calibration it the frequency meter. Comparitive measurements, during

which the knowledge of the magnitude of the k factor is not required, are fulfilled

especially well. During absolute measurements (i.e., when not only are values of

inte-sity 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 measurement of the quantity K. This error is determined by the

accuracy of absolute electrical measurements and is at present 0.003-0.005%. For

instance, for proton resonance in water the coefficient K is equal to

4257.77 ± 0.15 cPs/gs. Of the number of other merits of the nuclear-resonance

method Ui magnetometry we should mention the absence of the need for accurate

orientation of the transducer with the sample in space, and also 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 phenomena

during nuclear precision measurement of frequency inevitably requires a certain

not too small, time interval; c) the high requirements for homogeneity of the

measured field.

a) Nuclear-Resonance Measurements of Weak Fields.

Procedure of Packard and Varian

The expansion of the nuclear-resonance method to weaker fields, and especially

its application of it to geomagnetic measurements, hqs 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

homogeneity of the 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 observe a signal at H0 -0.5 gs [I1,

experimental difficulties remained so significant that the problem could not be
considered satisfactorily solved. The creation of practically useful measuring

equipment as before required radical improvements of the method, considering the

specific character of the range of weak fields.

-32- -252-
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Aside from the work of Schmidt, now of only historical interest [2], it is

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

became practically possible after the fundamental work of Packard and Varian [3, 4).

These authors proposed and carried out in practice new procedure, applicable only

in weak fields, of the excitation of free nuclear precession, during whých (true,

at the price of giving up continuous observation) the intensity of the signal can

be increased by hundreds of times.

For the method of Packard and Varian the alternating of periods 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 v. In order to

measure the Earth's magnetic field H an. auxiliary (polarizing) field H is

superimposed on the sample beforehand. Both Re, and the axis of the receiving

coil should be approximately perpendicule" to IR. However, there is no need for

exact orientation, which is an import.ant brit of the method (changes, of I'

orientation affect the intensity of the signal but not its frequency). Regarding,

however, the angle between the axes of the pc'.arizing and receiving coils, then

it can be arbitrary) often the same coil is used as both polarizing and receiving.

ipon the lapse of i cer t ain time after the inclusion of * (usually from one to

several seconds), nuclenr magnetization ., is established in the sample proportional

in magnitude to the total effective field 17 -7 and directed along It. Then

H" will be released so fast that during the time Atof the release the vector

does not change not only in megnitude but also in direction (M75.10-4 sec). As a

result there appears a unique unsteady state, which we sometimes call coherent or

emitting: nuclear magnetization is not in parallel to the remaining field H0 but

precesses around HO (with a frequency of %, see (1)), forming approximately a -igrn

angle with it. The gradually attenuating revolving component of vector Afor

sever'fl seconds still retains a considerable magnitude, caused by the strong field

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 coil a variable emf of corresponding frequency; the

variable emf after amplification proceeds to some variant of the measuring circ,41t.
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Distinguished by their comparative simplicity (while retaining the majority

of the merits of nuclear-resonance methods), the magnetometric 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 Magnetic Microwave

Spcetrascopy of the Lenigrad State University jointly 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 organizations are engaged in

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

b) Method of Continuous Observation of the Nuclear-Resonance

Signal in the Terrestrial Field

lic most important deficiency of the method of Packard and Varian is the

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

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

always satisfy practical requirements (especially in aeromagnetometry). Therefore,

the development of continuous methods of observation of the signal in weak magnetic

fields is very desirable.

One such method was proposed in January of 1957 by the author and iL based

on the principle of the nuclear-resonance generator with continuous polarization

of the liquid sample flowing through the system (10]. The princi-al diagram of the

transducer of the nuclear-resonance generator [N1•G] (OT) is shown in lig. i. DurLrg

thE flow of the sample (water) through the magnetizing (polarizing) coil H

nuclear magnetization A, is established in the sub3tance propnrtional to the strong

field 14÷*. Then through a long, thin tube Br the water reech9ft the region in

which weasurement of the field H0 should be produceu. Moreover, the speed of the

flow is selected as great enough so that the quantity A does not become greatly

decreased. Since the field acting on tht element of the volume of the sample at

any practically attainable speed of flow changes adiabatically, at point r vector A

is directed along the weak field is. Further the sample flows between the two

coils Co deflecting vector 7 (i.e., phasing the nuclear precession), which

create an alternating magnetic field of resonance frequency. With a correctly

a&ec'ted amplitude the field of the phasing coils overturns the nuclear

magnetization of an angle of the order of 900, exactly as this takes place in the

itethod of the spin echo (for greater detail see below). The appearing 2rec-ssio,),

•ralual1y fading, continues during motion through the receivirng coil 11, which



. . causes the Induction in it of a

*. continuous signal. The power supply

"" of the phasing coils can be carried

out from an independent external

source (operation in narrow-band

nuclear-resonance filter made).Fig. 1. Diagram of transducer of the

nuclear-resonance generator. Sample However, continuous observation
(water) flows from left to right. H -
magnetizin coil, HK - its compensating requires automatic fine tuning of
windings, W- phasing coils, H -
receiving coil, HRK - its compensating the frequency of the phasing signal
windings. The long tube connecting
points B and P is 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 is 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 axis of the main figure.

receiving coil, after its amplification

up to the corresponding magnitude (operation in NRG mode), whici ensures automatic

tr'acking of the level of the measured field without any additional devices. In the

latter cas- the narrow-band nuclear-resonance filter is 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 ij 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 cm3,

and that inside the receiving coil was 400 cm3 . As operational experience with a

model and subsequent calculations showed, the dimensions of the system can be

oonsiderabiy 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

*rP calculated in such a way that the field in the center is weakened t- not more

than 20%, but the dipole and octupole moments of the system as a whole are made equal

tU 7ero. Inasmuch as multipoles of even orders are absent in virtue of symmetry,

the first uncompensated moment is 32-pole with use of the simple system of such

adjuetment it proved to be possible to lower the field H at a distance of 150 cm

from thi center of the magnetizing coil to 0.5 7.
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The receiving coil possesses analogous system of compensating coils (FIR.

During tests the generator operated quite stably; the signal-to-noise 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 1 04) the establishment of

the amplitude takes severa" seconds, i.e., it occurs incomparably slower than in

the usual radio-frequency generator. A second cause of the slowness of the

establishment 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

change of field H0 practically instantly. ,

-1. -*

Fig. 2. Fig. 3,

Fig. 2. Outer view of model of nuclear-resonance generator.

Fig. 3. Photograph of an NRG signal obtained on a loop oscillograph in the nuclear-
resonance filter mode (speed of film 10 m,/sec), a) attenuated signal (method of
Packard and Varian) obtained in the same mode b).

OF-up

L_-) L..., ' Fig. 4. Turning off and connection of the
magnetizing field a); turning off and connection
of the phasing signal b). Speed of film 10 rn/sec.

The outer view of the NRG model is shown in Fig. 2. Figures 3 and 4 photogr-pl,;

show of signals obtained with help of a loop oscillograph in the process of'

experiments with the instrument.
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c) Other Continuous Methods of Observations Applicable
in Weak Fields

The above-dpscribed method was proposed and its development was begun in the

Laboratory of Magnetic Microwave 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

signal in such weak fields as the terrestrial field. Now, however, it is known that

several authors worked independently and almost simultaneously on this problem.

K. V. Vladimirskiy [it) 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 sufficienly good quality resonant

circuit. The Q and the magnetizing field NO had to be very high (at room temperature

in any case H*.Q' 10 gs). The author indicates that the generating of a

stationary signal is possible, if in a similar system the continuous replacement of

the sample is accomplished. Concrete variants of the realization of this system

are not considered in [ii].

In the system of K. V. Vladimirskiy, if a solenoid, and 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 H

in the region in which the measurement of the weak field is taken), fulfilment of

the ratio H*Q>.1 is very difficult. In any case, it appears necessary to obtain

a 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 circuit is narrowed; furthermore, the

measuring error caused by the inaccurate adjustment to the frequency of nuclear

precession greatly increases (see point "c," § 2).

In the work, carried out under the leadership of G. D. Latyshev [12], a flowinr

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

clectromagnet 3, (the method of observation does not differ from the convenionai

melhod In strong magnetic fields). Measurement of the weak magnetic field He is

,rodLlced At point A, where an additional radio-frequency field, created by an

external soirce, acts on the sample. In its action it is completely analogous to

the phasing field menticneu above: upon entering into resonance with the frequency
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S of preceapion of the nuclei, vector 4eviates from

the direction of Ie and starts to precess. If the

I amplitude of the radio-frequency field is selected

Fig. 5. Measurcment of a appropriately, deflection occurs at an angle of the
weak magnetic field per
[~2]. order of 90 , i.e., the longitudinal component of
turns into zero. Reg.rding, hr4olTer, the transverse (preceesing) component, then

it is inevitably 4isturl.ed in the region of the nonuniform m2gnetic field B (field

of scattering 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'

resonance in coil A leads to the destruction of nuclear magnetization, which can be

fixed Ii.directly by the attenuation or disappearance of the signal. cbscrved in 3..

The method described is of considerable interest for magnetometry of weak

fields 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 measuring fields considerably weaker than the terrestrial field.

However, for precision geomagnetic measurements the method discussed is not
convenient enough. First of all the system is more complicated than that in [10],

and the automatic tracking of frequency for the variable field is absent. Secondly,

iny Instrument rnt based on the NRG principle requires modulation of the measured

field for ýhe periodic passage through the line circuit; with slow modulation The

p7peed of the measurement will be considerably lowered, and its acceleration is

inevitably connected with appearance of extremely undesirable transient processes

In the motion of tne vector of nuclear magnetization.

Finally, Abraham, Combri-non, and Solomon published an extraordinarily

interesting work [13] in which one of the new varieties of the Overhauser method

of polarization of nuclei is used. As is known, the Overhauser effect can be

observed in samples which are characterized still by uncompensated electron

magnetism as well as nuclear (metalp, par&magnetic solutions, etc.). The essenc(

'The influence of the phasing field will be exami.nd 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 noi in the phasing coil.



1.
of this phenomenon consists of the fact that owing to the internal bond between the

electrons and nuclei the influence of an intense high-frequency fi'ld Gn electron

magnetism csuzes a very strong polfrization of the nuclei, many tir- - -irng

the equilibrium value in the same constant magnetic field. It is interesting to

note that in the case essential for us of paramagnetic solutions of small

concentration, the Overhauser effect causes the appearance of nuclear magnetization

oriented opposite the field. In the usual ("classical") effect, when NOe'-OA gr

the influence on electrons constitutes a saturation of electron resonanct at r

frequency of about 1.4 Mc with a power from several watts and larger, depending on

how successfully the sample is selected. Moreover, it is possible to obtain nuclear

magnetization 200-300 times greater than equilibrium magnetization i.e., that type

which is obtained in IP fields of the order of 100-150 go. 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, i.e., in a motionless sample. V
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 electrons at a rather

high frequency is possible (quantum transitions between sublevels of the hyperfine

structure). The superposition of 1e--.A gs acts very slightly, so that the

fequency of electron transitions can be considered independent of the field.

The sample in work [13] was a weak aqueous solution of the potassium salf of

disulfonate of peroxylamine KJNO(S0),. As a result of the electrolytic dissociation

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

with one unsaturated valence for the nitrogen atom. The high-frequency field

saturated the transiton between the sublevels at a frequency of 56 Mc (in the

zer.) field, 64.7±+A Mc (14]). The exa,:t figures for the magnitude of nuclear

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

conclusiorn can be made that values of ;, -000-3000 times greater th~in the



equilibrium values are accessible.

Report [13] is dedicated, basically, to the observation of the line contour

on the screen of the oscillograph with help of the modulation method, widespread

in strong fields. In the sample 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 an Q (regenerated circuit) operation of the system in the NRG mode was

observed. Inasmuch as the initial magnetization was antiparallel to the field,

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 imcessity of very ezyct fine tuning of the rece t,'In -Ircult

during changes of HO. We should also mention deficiencies common for all methods

* based on the Overhauser effect: a) a certain complication of the radio-frequency

circuit, 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 polarization, neveitheless, are so considerable

that, this method will be used in the future (we have in mind not a concrete variant

[13] but all the region as a whole). However, d'-ulfonate of peroxylamine in

nqueous .olutions ýs chemically unstable, being half decomposed in several minutes

r13]. Albtough the use of buffer solutions delays decomposition (15] and In

soladtorg. of i.odium carbonate the substance exists for up to several days (16],

revf rthlý,js t ctihevical stability of this substance cannot be considered

bat .f&actory fix ore?tical applications. At the same time, until now not one

reoiscir. iube..'nce which possessed at least approximately the same effectiveness

of ovFet).ser pularization In weak fields has been known. Probably, such obJects

will be found. However, if we were to ionsider that they have extremely unlqu -... i

partially contradictory requirements,' It is very difficult to forecast when thls

4We should consider, in particular, the necessity to have a very narrow 11:., --I
P.ectri.n resonance, since otherwise its saturation will derAnd considerable pow• r.
larrow lines and simultaneoualy a hyperfim structure are possessed only by cert.;1r.
4ibstaances of the class of free radicals, which by their very nature are usually
chemically active comounds.
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problem will be satisfactorily solved.'

Summing up what has been said, from our point of view, we should come to the

-inclusion that the development of high-speed magnetometric instruments on the

basis of the NRG diagram, proposed in [(0], is at present still urgent. Moreover,

we should consider that many elements of such development (especially, of course,

the measuring circuit of frequency and th( recording part) will remain the sam

even when subsequently Overhauser polarization will be used in a certain concrete

variant of the instrument.

§ 2. General Theorz of the Nuclear-Resonance Generator

with Flowing Water

a) Processes in Magnetizina and ,masing Coils

A quanti..ative description of the processes of magnetizatior. (polarization)

of a flowing sampLe in . magnetic field i& not difficult. As it is well

known, the establishment of magnetization is described by the following differential

equation:

(2)

where M 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 A is directed at each moment of time alonM the

effective field #=I.+116.2 XswN is the magnitude of nuclear magnetization

which is equilibrium at a given value of the field H. I is the nuclear magnetic

susceptibility, which is expressed by the known Curie formala; for water it is equal

to 3.,-.I0" , which is almost the maximum value among all substances at room

temperature (for grtater detail see [5]). T1 is the time of longitudinal

relaxation, whict is an important characteristic of the sample; for water without

'in the present brief survey we do not touch upon investigations carried out
in medium or strong fields but whiich represent a certain indirect Interest for
.mthccde of magnetometry of the terrestrial field. Certain works on the Overhauser
effeý't in fields stronger than terrestrial are also not mentioned.

2it is simple to show that in real conditions of the operation of the instrument
this indeed takes place (at least, in a good approximation). Furthermore, if even
within separate small elements of the voime comonnt U existed in plane xy. It
weld not play any role; field AP is too nonuniform for these coupcnents to bc in
the' sa-me phase for the whole sample.



dissolved oxygen 7, 3 2.6 3ec; the pregence of paramap.etic molecules noticeably

reduces Ti.

?or the cons 4 4ered element of volume the quantity H will be a function of time

(owing to it displacemeht fror. one point to another). It is convenient to rewrite.

the differential equation (2) in the following form:

*+ IN.* a M~ (3)

If we were to consider that tha magnetizing field starts to act at moment

t 0, where magntization at this instant is equal to MZ(O), the solutlon to

equation (3) can !je tritten in the follow•,4 way:

(14)

(see, for instance, Bronshteyn and Semendyayev, mHandbook on mathematics,"

Pirst edition, p. 404). Function 1(t), can be calculated in form of a table, if

the distribution of the magnetic field along the axis of the polarizing coil and

Sspeed of flow of the samle are knw (certainly, 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 (14)

can be used for numerical calculations.

In most cases, however, we can limit ourselves to a more rough approximation,

disregarding quantity Mz(O) and assigning H(t) in the form of NE)lm)' when 04t,<%

iand MN-MO cutside this Interval (% is the time of flow through the pol-rizin-

--oil, # is the mea• value of the field in this coil). Then magnitude of nuclear

miagnetization at the ment of exit from the strong field Is expressed by the

following simple formula:

which Is very easily obtained, directly from (2) when HC - conat In the Interval

let us now considor the mov mant of the sample through the tube corjr*ctIr•

the region of magnetization with the region of the phasing field. Although the

ýr.esvne of the system of compensational windings (HI in Fig. 1) leads to a N-cry

fast decrease of the field In this part of sptec, nevertheless the transition



from to H, during practically realizable speeds of flow will occur after a

time interval of 0.1 sec or more. Sucb a :!-.nge of N Is sufficiently siow so that

vector A remains at each moment of time parallel to the field." The decrease of the

magnitude of vector A (process of demagnetization) is described as before by

differential equation (2) with new, considerably smaller values of No(t). In

connection with this the dependence of N on time is Rxpressed by the general

formula, analogous to (4) and formally coinciding with (4) if we were to put wAn

i.e., count off the time from the moment of exit from the strong field,

The quantity H(t) in this formula Is a function quickly decreasing to Ro.

In a more rough approximation we may assume that when $>% the effective field

is already much less than that inside the magnetizing coil. With this A1)(M.(9)

(inasmuch as X z still retains large valuesl), so that in (2) quantity NO can be

disregarded. Then instead of (6) we have

In the phasing coil, as a result of the Influence of the radio-frequency field,

vector A deviates from the direction of the axis a (i.e., from %). The

longitudinal component, as t2fore, decreases according to the law (2), and for the

transverse component we can write

- (8)

where HA" -+ and T2 Is the time of the transverse relaxation. Inasmuch as,

however, MZ and M, in reality are functions of time not only as a result of processes

of relaxation, but also owing to the continuing influence of t-.e radio-frequency

field, the analysis of the notion of the vector of nuclear magnetization in the

phasing coil requires, in general, solution of equations of Bloch. Wo will not

exaaine these solutions, since from practical considerations It turns out to b-!

"With certain simplifyin assumptions this is easy to show with help of known
equations of Bloch. But this Is not "ecesaa37, since froi experiamts by the method

of Packard and Varian It is well-known that the "breaking siay" of vector S from

the direction of the field occurs only when I will be turned off in approximately

10 sec or faster.

I-
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expedient to select the time of flow through the plazing field as <rj. T,. With

ii .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 changes the orientation of the vector of nuclear magnetization

but does not affect its length. In the following approximation we can consider the

small relaxation effects in accordance with (2) and (8), disregarding the distinction

of Ti and T2 , which in a sufficiently uniform field of H0 is considerably small.

If, furthermore, we repl,-e 0 by MO, as is doen in the derivation of (7) then (2)

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

analogous differential equation

takes pla:e for the change of the length of the vector Amf17, . 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

of entry into the receiving coil is equal to

•+•+ +•.••),-,..(10)

where by i, •, and r we designate the time of flow through the connecting tube, the

region of the phasing field, and the second (short) piece of connecting tube

respectively.

Now we can turn to the study of the influence of the phasing radio-frequency

field, disregarding, as was already stated, the relaxation processes. In order to

write the equation of the motion of the vecotr of nuclear magnetization, let us

:-emember that besides the magnetic moment •. each nucleus possesses spin p (spin

angular momentum). The quantity i=±-, called gyromagnetic ratio, was already

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

For 1>@ (as in the case of irotons) vectors O and pi are parallel to each other.

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

(the summation (ii) and (12) extends to all nuclei per unit volume of the sample).

Whereas the motion of a separate nucleus is described by quantum-mechanical

formulas, the macroscopic vector ' satisfys the usual equations of motion of

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

change of angular momentum to the moment of acting force
r

[aI X M (13)

or, finally,

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

alternating magnetic fields acting on sample.'

In particular, if Psmffo-mcom, HMmN-=O-, the absolutely elementary solution

to (14) gives

• -MA .m . (15)

where A1,---sO and AfgmMcowl (Fig. 6). Angle I and phase ' are determined by the

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

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

continue, of course, to precess. This case corresponds completely to the random

phases of the motion of separate nuclei, so that components of h in plane xy

destroy one another; this very point was considered in the first half of the section.

When A,. 00O the formulas of (15) describe the simple precession of nuclear

magnetization in the presence of only the constant field 9. In reality the

precessing component MA gradually decreases (with the characteristic time T,), as

was mentioned in the description of the method of Packard and Varian; however, our

consideration is limited by the interval of time 4 r, and does not consider the

'From (14) the above-mentioned invariability of the length of vector N directly

follows (if we disregard relaxation), since in any external fields Eji *1*
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relaxation processes. In this c~oe (Obqi) the phases of motion of separate nuclei are

partially ordered, and a decrease in M, indicates a gradually occurring disphasing.

Therefore T2 sometimes is called, the time of the spin phase memory. From (15)

it follows that the frequency of precession v0 is equal to . The little

difference from the more accurate formula (1) is due to the fact that here we

disregarded the insignificont difference between H0 and the field actually effectivei0
on the nuclei.

After these preliminary remarks we can turn to the

more complicated case of the simultaneous action of the

constant and alternating magnetic field. Inasmuch as the

consideration is produced most clearly of all in a

Fig. 6. Precession revolving coordinate system, it is necessary to use the

of N in the constant
external field. The transformation of (14) to revolving coordinates, namely,
case of the positive
gyromagnetic ratio. (16

where 0 is the vector of the angular velocity of the considered coordinate system

with respect to the motionless (inertial) coordinates, and index r indicates that

the derivative iR calculated in the rtvolving system.

The graphic meaning of equality (16) consists in the fact that during the use

of the revolving coordinates it is possible to preserve the equation of motio.- 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 S"A. the introduction of the coordinate systemt I

a'y'sV, rotating around direction z , leads to the replacement of H0 by NV- - (see

Fig. 7 when 14=0). In particular, If we were to select *-%=TH , then in the

revolving system the magnetic field is absent and (A )'o . It is not difficult

to see that this corresponds to the rotation of coordinates in the direction of'

precession and with the very same angular velocity, so that in the s•tem ey'e the

vector of nuclear magnetization is 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 field R, (Fig. 7).

Let us assume that the variable phasing field oscillates along the axis, and its

semlamplitude is designated by Hi. Then the totality of the magnetic fields

acting on vector A in a motionless coordinate system will be written as follows:



K Sm06" (17)

|R

We separate the fluctuating field into two revolving fields

in plane xy in opposite directions:X -- N, aet,• VIP

Si8a) (18b)
Fig. 7. Vector

A in a rotating
system of and disregard the influence of the component (18b) revolving
coordinates, in a direction opposite to the precession of vector f. The

possibility of such disregard will be validated below. Now it is possible to

convert the totality of the fields (i8a) to the revolving system of coordinates,

axis x of which is directed along vector A (Fig. 7). Thus, we select coordinates

rotating with a frequency of the phasing signal. The effective field along axis z

is now equal to

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 4 only the constant field

7,+0, acts on vector A, so that the motion of A bears a character of simple

precession. If, as usually, H,(h. and the detuning is small, the angular velocity

of this precession 4 ,+W1 is much smaller than the speed of rotation of the

whole picture of Fig. 7 together with the primed coordinate system. This means that

in fixed coordinates the motion of . as 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 ('f-NO). Vector A revolves uniformly
I U

in plane z y with an angular velocity of HI. Passing to the fixed coordinates,

we find that the radio-frequency field in resonance excites precession of nuclear

magnetization with a frequency *"na-•He. During the first half-period of

nutation angle 4 between A and z changes according to the law

0(20)

and in phase the vector A will lag 900 behind the rotating component HI. In the

second haIf-period *--Ht---) , during which precession leads H1 90', etc.

________ -4T-
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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 *--~ , i.e., to select the time of flov through the phasing

field equal to a quarter of the period of nutation:

(21

Let 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 4 - 1800

is not attained. 4 - 9g0 can be obtained during not too large detunings (WNM 1).

vector * emerges from plane z y', so that as compared to the case of exact

resonance additional phase shift is to accumulated the sign of which depends on the

sign of dettming. 1 The obtaining of quantitative expressions for A, (or 4) and (

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

somewhat bulkW, we limit ourselves to only small detunings of 4WH,)j

Angle 9 in these formulas is counted off frow axis y in the direction of

precession.

From the above, it follows that during large detunings the radio-frequency

field i renders on A only a rapidly varying effect with an insignificant angular

amplitude, which when 8 is so small that it cannot cause any observed effects.

It is for this reason that we disregarded above the effect of the component (18b)

revolving to t.e opposite side.

b) Processes in the Receiving Coil. Operation of the
System in the Node of a Narrow-Band

Narrow-Band Nuclear Resonance
Filter

Precession of the vector of nuclear magnetization continues after emergence of

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

'This phase shift, in general, is undesirable, since it can cause an additional
mseasuring error during operation of the system in a nonuniform field (see § 2,
part c). For this reason, and also to decrease demagnetization, an increase in H1

leading to the reduction of the time of stay in the phasing field, is desirable.



component (Mz) will no longer be of interest to us, since it does not affect the

signal induced in receiving coil. 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 a useful signal. The time of the stav in this part of the

system is great enough so that attenuation of the precessing component Ml will

appear:

(23)

Inasmuch as the frame of time reference acceptud thus far; to can be seen from

(23), starts leading to awkward expressions, we will subsequently use time t,

counted off from the momint of exit from the phasing field:

S+(24)

after which (23) takes a more simple form:

(25)

or
I

,-r..( 251

Continuing the examination of precession with the help of the rotating

coordinate system introduced in point "a," S 2, we, as before, will read off the

phase angle 9(W from axis y'. For the case of a uniform field HO, having the same

magnitude in both -he phasing field and the receiving coil,

+(26)

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

'The form of notation (251) is based on the fact that In the interval 04-845l,

decreases with the same characteristic time T2 as later on (inside the receiving

coil). Thereby formala (1O), where we disregarded the distinction of T2 from Ti,

is defined somewhat more accurately. Usually I, is so 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 vector A from the speed of

rotation of the coordinate system (connected, as was already indicated, with the

frequency of the phasing signal). If, however, heterogeneity of the field takes

place, then H0 for the moving volume element becomes a function of time, and (26)

is replaced by

t U. (27)

where

Expressions (26) or (27) allow making the follcwing conclusion, which is very

significant for a correct understanding of processes in systems with a flowing

sample: althoug• the Drecession of vector A in every moving volume element occurs

with the natural frequency e,(t)--%i, the eat induced in receiving coil in

steady-state operation of the system has the name frequency a) 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 coil.

0,riously, it Is characterized ty the constant interval of time T ., 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 T(tA)

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 yz, i.e., it revolves together with the system with a frequency :. Inasmuch as

by A we can implr 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 precession with the frequency w 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 intital

phases (41, since i for them is different (an exception is only the case of a

uniform field with tuning to resonance, when :, and wS coincide). Inasmuch as the

rhaae relationships in the system with a flowing sample present certain difficulties

fcr understanding, it is worthwhile to turn to the clearest model possessing the

'Turing the turbulent flow this affirmation is true only on the average.
Ioawever, 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.

S... .. .... ... .. .. .j __ . __ ° .J •-



1Rgi6or ;' , mepoduig oPaglon GoSpOY same properties. loet us consider a conveyer,
to ha in @ on which clocks are assembled (Fig. 8).

36'

a) 11-i For simplicity on every dial only one hand is

A• represented (for instance, the second hand).

b) - i.1 Essentially the figure for the nuclear-b)Q

9 11 resonance generator would look exactly the

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

nuclear-resonance generator 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 is equal the
speed of the movement of the in accordance with (25) in proportion to
standard clocks (analogy with the
case of an exact adjustment to movement from left'- to right (see Fig. 1).
resonance, w-e) ; b) speed of the
clock movement on the conveyer is The influence of the phasing field is
greater than the speed of movement
of the standard clocks (analogy simulated here by the fact that at point .
with the case &N..).

every clock on the conveyer is set to the

standard clocks 3. The clocks on the conveyer are assumed identical, but their

rate of movement can be both equal (case a, corresponding to coincidence of :D and

wO) 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 0. 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 R correct rate of movement, although they show the time with some error. The

fact that in reality the clocks are fast is compensated by the replacement of
I I

clocks a by clocks a , which somewhat lag behind a , etc.

Figure 8 allows the making of one more qualitative conclusions: the maximum

magnitude of the signal induced in the receiving coil takes place during exact

resonance (wI',-o; 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 A,•4• by some method is

maintained conbtant. Thus, not only actual phasing (see point a," 2), but

C.'
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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-

Fig. 9. Schematic representation band nuclear-resonance filter.
of the flow of liquid inside the
receiving coil. 000 - locus of In order to obtain amplitude-frequency
points for which the mean value of

and phase-frequency characteristics of thistime 7 (i,,e., time necessary for a

volime element of the sample Just filter, it is sufficient to formulate
coming from the pha" field to
attain a given point) is equal to mathematically the above-mentioned
Zj the mean value of; is

designated by (;). xoxx the *am qualitative considerations. The volume

ffr ;.•. Trtbulance leads to a element, located at a certain point A, is

certain scattering of instantneous characterized, generally speaking, by a

vali~es of 't which is conditionally

shown by shading. greater value L the further "downstream" it

is located. Therefore, time i in a knowi sense can be considered as the longitudinal

coordinate of a point in the receiving coil, although In reality the dependence of

the speed of flow on transverse coordinates, and also turbulence, introduce certain

complications (PUg. 9).

Sfor we have traced the changes of the vector i 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 characterized at the same moment by different values of t in

'he interval from a to v,; . Therefore, it becomes neocessary to Introduce also

the flow time C common for the whole system.

Lot us consider the totality dV1 of volume elements for which i lies in the

interval from o tO ,+-(see Pig. 9). Evidently the signal guided by them can b.

written as

where ffu@ (c is the sample flow rate in cvý/sec), and coefficient A4) depends

on properties of th, receivlag coil and also an the position of the examined volumv

element inside the coil (more accurately only on coordinates of U, since it Is
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assumed that within dV, averaging is realizedl.1 The form of notation of (28)

remains valid in the presence of turbulence, but then A(S, must considered, average

all over the possible scattering of positions of points taking place when t - ti.

Considering (25) and producing a summation of influences from separate parts

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

coil:

where 9(0)is expressed from (27). The obtained formulas in principal allow

determining the amplitude and phase of the signal by numerical methods; howtver,

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 is especially difficult to consider turbulence). Therefore, in the

same way that 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(i) by its

mean value over the whole volume (i.e., along i from % to ý+i%; furthermore,

we will consider the field HO uniform, enabling us to express f(i) by the simple

formula (26). We obtain

Calculation of integral (30) after a ser'es of transformations gives:

'It is possible to show that AG)is proportional to the average (over voluw
field strengtn, which would create unit current flowing In the receiving quiA.

We will not need tht explicit form of A) since we wvill not derive formulas for trie
.tsclute intensity of the signal.

Strictly speaking, the last factor in (26) should have been written in t.he fcrn

= g.j.(J- , where # is the pha* shift between Fr.cesaion and the indue.d
signal, In turn depending on the coordinates cf the volume element. Hoewyer; for
ths region Inslie the receiving coil the indicated dependence is small, and it can
te -:-mpletely disregarded. Then O a const, and b4 the corr.--Undr4 selection of
thr referer-e pcnt of time It is V--ssai•le to satisfy condltlt.-:. • - C, at a rsult

w h.ich (2P' Is obtained.

-53-

I



-... . IIS * I. . . ..(33)

Zxpresslon (32) mid (33) aft the sought characteristics (axplitude-frequency and
hase-freqemoy, respectively) which describe properties of the system during its

operation the narrow-band nuclear-resonance filter mode. In general, MA (f% and 9,.

In turn are functions of 4w (or W--) in accordance with (22). However, in the

usual structures of the volume of the aWle occurring in a phasing field, many are

leos than the internal volume of the receiving coil (i.e., oCv). This requires

comparatively large R1 , and from (22) it is easy to see that the dependence of Mil)

and % on W becae iionterial. In limit

We can say,, moreover that in virtue of the brevity of the time of stay of the

sample in the phasing field, the process of pha&ing possesses a considerably wider

frequency response curve than the subsequent transmission of the signal into the

receiving coil.

W P'

FU. 10. Amplitude-frequency respo•s•e curves
of the nuclear-resonanc, filter.

Reapoase curves (32) and (33) are presented graphically In Figs. 10 ard 11 for

five different values of TL . hey clearly Illustrate the br--adenirg of the

rMNAwe curve (e&M, corris. md1.ngly, the decrease of the slop@ of the phase

-r.4-.



response) in proportion to the reduction of the tim of Stay o Of the volume

element in the receiving coil. It should be noted that here as usual, 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 segment of the damped sinusoid (resonance frequency) Included in the

interval from iwý to i-14+1 In particular, when |the daping of precession

inside the receiving coil Is almost coplete, arid the envelope of the spectrum tends

toward the usual Lorentz circuit. This circumstance Is easily established also

for the resonance curve (32), since the last cofactor (radical) in this expression,

becomes unity when f. The Lorentz circuit and the ph&" response corresponding

to it are shown, as limiting cases, on Figures 10 and 1i. On the other hand, it Is

possible to show that during immaterial daing (**$) a transition takes place to

tne spectrum of a square pulse with sinusoidal filling.

°e-v

ar"

V4

Fig. 11. Phase-frequency response curves of
the nuclear-resonance filter wlt" a movltr6
simple. Along the a&in of ordinates function

(33) i• plotted for the case %-* and ,-.

From 55) It alrectly follows that *- . If, furthermore, condition (34)

1s rulf.lllrd, 00=0. We zan say that the reference point of tim- F accepted by us

is s.ý selected that the phase of the signal Is measured fromt Its value In the In

.
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ubsence of det~uing.

In conclusion let us discuss the dependence between the amplitudes of signalsI 'at the imput and at the output of system. If we were to change thE amplitude of the

phea0ng action, ieaving the remairning parameters of the system constant, then M,(O)

will chmne in accordance witn (22) or (34). On the other hand, the signal in the

receiving coil depends linearly on M,(@) Thus, in the considered case the amplitude

characteristic of the filter essentially coincides with (34). With small Hi it can

be considered linear. With an increase in the amplitude of the signal nonlinearity

described by the sine law appeare at the input

c) 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 amplified signal of free nuclear induction represents the greatest

practical interest. However, there is no need to discuss it much, since properties

of the self-oscillation system are easily derived from characteristics of the

naclear-resonance filter, connected in the feedback circuit, Lnd 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 tn which the sum of the phase shifts of the

signal during the bypass along the feedback coil should be an integral multiple of

2T

can be satisfied by the corresponding fine adjustment of the phase inverter connzcted

included between the amplifier and the phasing coils. For typical designs of tie

nuclear-resonance filter the transmission factor is of thn order of 10"3_10"4.

Thus, foa', the appearance of natural oncillations it is sufricient to ensure an

amplification factor of the order of several thousand. Inasmuch as the amplitude

characteristic (34) has the greatest steepness near IL, - 0, we should expect mild

conditions of self-excitation. As was already mentioned, just such conditions havt

been observed in practice. With an increase in feedback the increase in the

amplitude of oscillations is limited by nonlinearity, it is interesting to note that

in thiE case the nonlinearity is caused not by properties of tube, but by the

.-ondition M-wcmAf, 4M in the phasing process. The limiting amplitude is
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attained with a feedb•'k at which H1 becomes equal to j. A further increase of

the amplification factor in the considered closed circuit, as the experiment shows,

leads to unstatle conditions reminiscent of pulse generation. No theoretical

analysis of this case has thus far been produced.

The very high slope of the phase-frequency response curve of the nuclear-

resonance filter leads, in accordance 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 is absolutely analogous ti the stabilization of the frequency with the

help of a quartz, and also to processes in different types of molecular generators.

Like all such devices, the nuclear-resonance generator is characterized by which

coincidence between the generated and natural frequencies although very good, is

still not absolute: equality (35) in general, is satisfied at a ýo different form x0"

In view of the paramount importance 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 negligible

frequency dependence of the phase shift introduced by them:

• p(,)4f• T.(.--.)+; ,. (36)

where fO is the resonance frequency of circuit, % its time constant, and Q

its quality.'

It is expedient to select the adjustment of the above-mentioned phase inverter

in such a way that ZAf will prove to be close to zero (a phase which is a multiple

of 2,7 is of no practical interest, and we subsequently will omit it). At the same

time, for the purpose of the preservation of generalitv of conclusion, the exact

equality of this sum to zero will not be assumed. Taking into account, furthermore,

' -Lt 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 is necessary in (33) to turn to the

Lorentz circuit (%=4. %uw*. ,wrIm) and to replace T2 by Tk.

The expression md 406.--) pertains to the phase shift of the current in the
receiving coil with respect to external emf. The signal picked up in parallel to
the oscillation circuit, of course, in turn will be out of phase. However, we
consider that this circumstance, like other constant shifts, is allowed for in
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S-.-.- _ ____ ____ ____.-.-.-.

1n



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

(37)

Thsl equality can be considered as the equation for determining the generated

grequency w. In the most practi'!lly important case of small detuning (i.e.,

within the linear section of the steepest of the participating phase responses)

Instead of (37) we have

whence
e~nee+ . #,- •.... _ -

S(39 )

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

consider also the possibility of direct induction from the phasing coils to the

receiving coil 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 *(40)

direct induction changes basically the amplitude of the signal, but not its phase.

Thus, formula (39) remains valid, although the limits of its applicability will

demand, perhaps, a more precise definition.

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

with the resonance frequency is

in particular, if negm@, the receiving circuit should be exactly tuned to tte

resonance frequency.

It should be considered, that w. changes continuously together with the measurud

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

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



numerical example. Let us assume that w0 and 06--3A*Il sec~i, Tk - 3"10 sec,

T2 = 3 sec, ,=5 see, and that the first, second, and fifth components in the

denominator of (39) can be disregarded. We obtain

(414)

For instance, if P*--O and A?1=-%1 rad, the error in the generated frequency will
L be O.05lii sec, i.e., about 0.2 y 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 owing to the inclusion Into the feedback circuit

of the nuclear-resonance filter.

The above-mentioned figures correspond to Qw3, and from considerations of

the preservation of the intensity of the signal it is undesirable to allow

detuning B.-- greater than ±* , i.e., lsec"i (it is easy to show that this

corresponds to 27% decrease of amplitude of the signal of the generator or greater,

depending upon its conditions). With such detuning the error in the measurement of

the field will be +11.

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 is necessary 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 sufficiently accurate automatic fine adjustment of the receiving circuit.

In the example considered the measuring error will not exceed ±O*A, if 9,--0 is

held within ±t 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 % , each of which corresponds to a separate range of measurements. The error 1n

in each range is corrected during calibration of the instrument.

3) The creation, instead of a receiving circuit, of systems with a mildly

sloping phase response. The simplest variant is an untuned receiving coil. Such

a way is conjugate with deterioration of the signal-to-noise ratio by V/ tin-.

Howev.-r, the nuclear-resonance generator, apparently, is able to opcratg, normally
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during low signal-to-noise ratios, and before supplying the frequency meter this

ratio can be improved with the help of an additional narrow-band filter or amplifier,

not entering into the feedback ring. Another 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 process 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 is the creation of methods of

control of the magnitude of error is in the process of the instrument's operation.

It is not excludpd 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

conditl.ons of the instrument and, besides, in the uniform external field HO. A

more general theory as yet is absent, in connection with which here we will be

limited only a few additional remarks.

A. Operation in a nonuniform field HO. With small heterogeneities the

instrument measures the average field in the volume of the sample located inside the

receiving coil. Moreover, in connection with the natural damping of precesslon,

the volume elements located "downstream" will enter with smaller weight. If the

gradient of the field exceeds -. ', along the axis of the instrument (or

-O5O.LV*Ain a tansverse 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 coil 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, i .e.,

the phase shift %, and together with that the generated frequency, to a certain

degree will depend on the character of heterogeneity of the field; this effect,

obviously, will be lesser the greater the magnitude of the phasing field HR. It is

necessary, however, to note that for the majority of practical applications (we

have in mind geowagnetic measurements) the case of considerable gradients is not ol'

srecial interest. Indeed, the source of heterogeneity of the field, especially thý,

remote one, almost inevitably will noticeably influence the average quantity H.,
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RADIATION OF Sb 1 2 5

N. M. Anton'yeva &nd G. S. katykhir

The radiation of Sb125 (T1 / 2 - 2.6 ± 0.1 g) [t] has been studied earlier by

many researchers (2-5], but as yet the compicated decay scheme Sb 1 2 5 -. Te125

has not been established.

In this work the P-spectrum -nd conversion-electron spectrum of Sb 1 2 5 were

studied with the help of a magnetic spectrometer of the Ketron type [6] and also

a magnetic spectrograph of tte Danisai 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 tVn irradiated. by neutrons. In view of the small specific

activity the preparation was quite thick, and therefore the measurements were

conducted practically starting from -70 key.

0-spectrum of Sb 1 2 5  The general form of the 0-spectrum of Sb 1 2 5 and the

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

125
The Kurie plot for the continuous 0-spectrum of Sb is shown in Fig. 2. As

can be seen from this figure, the 0-spectrum Is complicated. The boundary of the

hard component of the 0-spectrum is equal to (628 t 3) key. The value ig ft is

great for this transition and equal to 9.0. The segment of the Kurie plot

characterizing the hard component is small, & total of 45 0 to 540 key: on the par'

of low energies a softer s-spectrum Is superimposed with E 430 kev, and on the
rp

part of high energies conversion lines of j-tran&itions are superimposed with

energies of 600, 606, and 635 kev. This hampers the investigation of the

rMECLbi, 
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Fig. 1. General form of the P-spectrum and

conversion-electron spectrum of Sb 1 2 5 .

Fig. 2. Kurie P-spectrum plot of Sb125.

O-spectrum form.

For the determination of relative intensities of components of the O-spectrum,

ii is necessary to obtain a softer spectrum by subtraction from the experimental

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

of the hard component is rectilinear.

Data on the measurement of components of the a-spectrum of Sb125 are given in
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Table I Table 1. It should be noted that the O-spectrum with

I j s) 1�Erp < 300 key is complicated. For an investigation

m* a of this region of the P-spectrum a thinner, recently
4U0O Is 125
=*I 4 7.? isolated source of Sb (without Te 1 2 5 ) 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 key. The relative intensity

of this component as compared to the component oi 628 key was changed in time

(-8 months).

:125Conversion-electron spectrum of Sb 2. The spectrum of conversion electrons

observed by us consists of 21 lines corresponding to 12 )-transitions. Data on the

energies of the 4-transitions and on relative intensities of the conversion lines

are given in Table 2.

Table 2

5., kov lbsemd 11Me 5W-4WXM Ardu

AS - -

M *= 9 V

LS *1L XI -

Up to now there has been no complete information in literature on the conversion

electron spectrum of Sb 1 2 5 . Relative intensities of conversion lines and the ratio

K/(L + M) were determined by us for the first time.

Conversion lines of 4-transitions with energies of 206, 320, 376, and 380 key

arc on the intense O-spectrum, and therefore their observation is hampered. The

conversional line K-376 was observed by us only on the magnetic spectrograph

ns. a very weak line. Its existence requires still an additional check.

Figures 3 and 4 show sections of the 0-spectrum with groups of -onversi~n

Lines. In view of the fact that the difference of energies of conversion lines t

anc M is relatively small (for Te of 3.9 key), tnese lines were not resolvdA ty U:

and we had to calculate the area of the total line (L + M). 4owPver, it is Knowr.
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Fig. 3. Section of the A-spectruI Fig. 4. Section of the 1-spectrum with
40! with groups of conversion lines groups of converslon lines K-, L-600.3, K-6C#,

K.!, L-427.6, and K-, L-463.1 key. K-, L-635.6 and K-670 key.

that in man cases K/L = 0.25 8). Therefore, for an appraisal of the K/L ratio,

on the basis of the known ratio K/(L + M) we used the following approximate equality:

The values thus obtained for K/L are given in the last column of Table 2.

Energy of -- rays of Sb1 25 . Values of energies of -y-rays of Sb 1 25 , according

to different authors, are given in Table 3.

Table 3
--N-ar! a mr ________o

___ __ ___ __ _ U~ t ow l 11I 8U ftv ____ __data

- iso

In worKs• [9, 101 for the determlnat_ of the energy of 1-rays date w-r. ,

both on conversian electrons and also on photoelectrons. But investigation.; w, r-

conducted with thick preparations and on a lens spectrometer with a resolvi•g pow- r

of 3.5-5%. In work f1l the energy of ,-rays was measured -in a scint!.l.atioc;

,-spectrointe r.



The most exact values of energies of I-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 key was not measured, In view of the presence of a thick

source. We have no hint of the presence of I-transitions with energies of 109,

171, 203, and 652 key. The conversion lines of I-transitions with energies of 109

and 171 key could not be noticed on a ketron, since the resolving power on line

K-175 was -1%, instead of the instrument 0.5%. The K lines of •t,tse transitions

could not be resolved from the intense conversion lines K-109.3 and K-i76.3.

The conversion line K-203 merges in energy with L-176.: and also could not be

noticed. All these conversion lines had to be resolved on the magnetic

spectrograph, but we did not observe them on the plate. Apparently, the erxosure

time was insufficient. This is confirmed by the fact that conversion lines of

,-transitions with energies of 206 and 320 key, the intensity of which, apparently,

are greater, are not noticed on the plate.

The conversion line K-652 should be between lines K-635.6 and L-635.6. If it

Is, then its intensity in 0.5 less than the intensity of K-427.

Multipolarity of transitions. The large nber of lines in the I-spectrum of

Sb125 indicates the complexity of the decay scheme of this isotope. For constructiig

n decay scheme knowledge of the multipolarity of transitions is important. We

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

tht conversion spectrum. Given in Table 2 arv the ratios of coefficient of

conversion on shells K and L for certain transitions. A ccmparison with theoretical

values [12], given in Table 4, for different oultipolarities mmkes it possible to

assume the type of transition. As can be seen from the table, sIngle-valued simplt

ascribing of the type of transition by these data cannot bt made.

Table 4

b --
-Mso- a M
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~11 Deom scheme 3b 2 -Te 1 5  The first decay scheme was proposed by Siegbatui

t; ]. Later it was refined, and the most complete scheme Is given in the work of

Laar woio.

Our dta allow only to define more accurately energies of certain levels. In

7Fg. 5 the scheme of Ia~zar is represented with our more precise defini'tons.

In the work of Narcisi [4]

the decay scheme is not given, but

energies spins, and parities of

-l Ilevels are indicated: 0 key

(1/2+); 35.6(3/2+); 145.0(11/2-);

-w 32i.3(Y.2-); i462.0(r5/2+);

5214.1(7/2- or 9/2-); 633.6(5,'2+);

639.7(7/2+)1 652(?) and

667.8(5/2+).

Sil mergies of these levelsI

.... agree well with energies of levels

in tne Iaar scheme, in which are

- 49 . placed all tie observed

1-transitioni, except the two
•g.•, ~e S• oarSbL2!5 •2. with ýe~rgeies: 606 1by our data)

F~g .Decay scemew of Sb -. T ih nris*66~

or ý.O4.1 .•.v (&ccording to

- wclai) and ý2 k•r /orscordirg ; T armlsi). For the distribution of these

transitions two &ddltimal levels Lr- iAtroducxzd in-o work 141: 639.7 and 652 Kv.

The 0-*qectra obs-rvet by us with end-poi; e onerg Wf 6•28, 140, a0.d • •wv

proceed cor esponainAgy- to leveis 145, 321.. and 'w.)3.1 key, as it Wa in-dicated

earlier (9, U, i'].

* -Tte b-rnllý f-oft Mr b"ic ItAte of -'t/+ %to 1.1w metastable? 'hiývt
S. 4f J25 witl th, # r of 1i5 Y t1 /-j ic cflratz;z!..a by lg ft - 9.0.

L-cord• ' ,electi•. rulte i - 2, t';t it *-..- be referred tk. the unlque

tranl t -,m of the first riebriddenesa. A. comr-Iscr of tt) : CSf the form CY

itctr~m by the work of Zyryanova (1iý Wvtt rxper.mental factors e.a

to an unexpected rv.ual: - the re'osrved for-, of the spectrum,

in ~~ii~t~authors consider It their plea-Pnt .zLit-y to t'xpreas rtt!

V. I. Perriacnd, who participoted In the .nwaL-l.s 4nd discussio•-. re

-6--_



A. A. Zhdanov, for the investigation on the magnetic spectrograph; and also N.

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

The P opwo- -mi a spectrui of coneraw~ ulscbehemo u
b 1bm 81O Wka WP of •.wn eft tm saf

i" Iln Ihem eindi wIS the hnelP . tihe "€°eou~m tyle.m • upu•-
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DEPENDENCE OF ANGLES OF ORIENTATION IN DYNAMIC DOUBLE

REFRACTION ON THE VELOC:TY GRADIENT

V. P. Budtov

Consideration of AnisotropZ of a Hydrodynamic
Interaction

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

we usually encounter two protlems: the study of the double refraction during small

hydrodynamic stresses cnd, in the whole scale, of stresses obtainable experimentally.

The first allows us to make definite conclusions about the form, chemical structure,

thermodynamic flexibility, and other properties characterizing the macromolecule 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 regicti of small hydrodynamic stresses has been studied well enough both

experimentally and also theoretically. However, in the region of large velocity

gradients there exists only a qualitative conformity of experimental data with

theoretical positions [i-4].

The theory of the dependence of the angle of orientation on the velocity

gradient was developed most fully for rigid ellipsoids [5, 6]. Experimental data

for solutions of rigid macromolecules indicate that qualitatively the predictions

of the theory are Justified; however, for the best coincidence it is necessary,

to consider the influence of polydispersity of the sanmple [7, 8].

For ideally flexible macromolecules W. and H. Kuhn obtained, at all velocity

gradients, [9]

It()



where 9"-f--X (. is the angle between directions of orientation of the

macromolecules and the flow rate); p-- L (M is the molecular weight, (1] th(

c,,aracteriatic vIscosity, R the gas constant, T the absolute temperature, g the

velocity &radient, 1O viscosity of the smivent).

In the case of kinetically rigid coils for the effect of intrinsic anisotropy

they obtained, at small velocity gradients, [10]

It is clear that initial slopes of the dependence of the angle of orientation on

for the kinetically flexible model are three times less than for the 'inetically

rigid model; however, with an increase in the velocity gradient this difference

decreases.

Using the distribution function for a kinetically rigid coil [10] we obtain

for the angle of orientation of the effect of form (the model of the equivalent

ellipsoid [11] and model Copie [12] at small velocity gradients coInicide):

I2-m,5•(t-0,IP' +.. .)-UP Il - n,48s2•) + .1..I

Thus, it is clear that with a decrease in kinetic rigidity of tne coil (ratio

of the internal viscosity to the viscosity of the solvent) the character of the

dependence of the angle of orientation on the velocity gradient 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] (MNA) in tetrabromoethane [acetylene tetrabromide] for six fractions and tn
-1

unfractionated sample in the region of velocity gradients from 4 to 2000 sec.

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 stuaicd

was the only effect of form. The viscosity of solvents 10 varied from 6 to 15.t. cp.

During the study of the gradient dependence of the angle of orientation i1

t te region of medium velocity gradients various authors [7, 8, 14, 15] have cit. i

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

where £ is numerical coefficient, n the viscosity of solution, T the initial slop•



of the angle of orientation. On the basis of this empirical dependence [8] a

method was proposed for obtaining the "initial slope" T of the angle of orientation.

However, as the author himself stresses this relationship [4] is accurate only in a

defined region of velocity gradients.

We showed that in the region of

small velocity gradients is a

parabolic function of g (Fig. i).

* w .,04 thus, in finding the "initial slope"

Fig. 1. Dependence of the quantity of the angle of orientation it is

on the velocity gradient for solutions of necessary to present 3 as a function
V fraction in solvents with various
viscosities. I - 15.6; 2 - 11.4; of gT ,l then on the axis of ordinates
3 - 9.4; 4 - 6.6 cp.

the segment equal to T is cut off.

For all the solutions studied T were found by this method. However, the enumerated

methods are inaccurate, since the extrapolation to g- 0 is produced basically by

measurements obtained at small velocity gradients, where there is a large er' r of

the measurements.

If we express WgyfI(g4}, then the experimental points for solutions of the

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

a result we find it possible to find T 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 T 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 2T

is represented as a function of g,? (T is proportional to

Consequently, we managed to find the generalized parameter 6T, 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

:iny velocity gradients depends on the time of relaxation T, both the relaxation

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

~i
'The exponent of g in the original text is illegible; "gT" appears below and

may be the quantity used here (Tr. Ed. note).
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Fig. 2. Dependence S

of quantity V 2P on 0 gi
gr for soluticns of Fig. 3. Dependence Fig. 4. Dependence of
fraction V in of quantity tg 2(p on.
butylacetate (), in gquantity tg 2f on g I for
methyl ethyl ketone gT for solutions of solutions of fraction IV

fraction V in bromoform in tetrabromoetfane at
(3. andPoin acetone (1) and in tetrabromo- temperatures ofetan a temperatures-o
different concentra- ethane at temperature t = 260C(), t = 21'C(2),
tions in Figs. 2, 3, t = 21(2), t = 150(3), t = 15°C(3).
4, 5 are designated 70C(4).
by vp.rious signs.

(greet flexibility of naacromolecules) (Figs. 2-5). The dependence tg 29 f(gl)

when 6T < i has the form

S"'

It Fh(uld be noted' that in the viscous solvents (10 > 510"2 poise) A = 0.23

fol. all six fracticns studied, whereas for solutions of fraction V in low-visCof--P,

":,uivents (go < 2"102 poise) A > 0.9. For solutions of fraction V in solvents

with an intermediate viscosity (2.10-2 <o K< 3"10"2 poise) A Z 0.5. Thus, wit.!

a 2hange in the viscosity of the solvent (change of the kinetic rigidity of' th(

'.:tr•ier [i3) angles of orientation were studied for solutions o!', nr' o th4
OtMA fractions in 9 solvents, the viscosity of which varied by more than 1,0 tim.

ýx•p•rimcntal d-xts indicate that when g0 < 2'10-2 poise the dynamo-optimtrlc *AT I

tis an oriertational nature, and when go > 3"10"2 poise, it has a deformation
n ýtur4e.
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macromolecule), the gradient dependence of the

angle of orientation changes when g¶ < 1. For

solutions of unfractionated polymethyl

methacrylate A - 0.05.

As a characteristic of kinetic rigidity

let us introduce the parameter pmh, where

B and A are friction coefficients of the

macromolecule, depending on the internal viscosity

Sand viscosity of the solvent, and k is a

numerical coefficient. Using data of the

works,' we can obtain for B/A the following

ratio

(6)

Since for fraction V in solvents with a

Fig. 5. Dependence of viscosity from 2 to 3 cp the influence of
quantity tg 2T on gx for orientation and deformation are comparable [13],
solutions of fractions of PMMA
in tetrabromoethane (t = 150C). it is possible to consider for them p - 1, which
I -- fraction III, 2 - fraction
II, 3 - unfractionated sample, gives the value k Z 3. Given in Fig. 6 is the
4 - fraction A.

dependence A or. p . From the figure it is cle~r

that during a change of kinetic rigidity A

changes from 1.2 for a kinetically rigid coil

to 0.2 for an easily deformed coil. When

.0 ;• tP < 0.1, (noZ 15.610-2 poise) no longer

depends on the viscusity of the solvent within
Fig. 6. Dependence of

A I error of the measurements. Thus, the magnitudequantity A on p- for

solutions of six fractions of the change of A from 1.2 to 0.2 qualitativ kL.
in various solvents.

agrees with conclusions of the theory of the

deformed dumbbell [9, 10]. The distinction consists in the fact that the

experimental quantity A X 0 for the easily deformed macromolecule, while the

'The article Yu. A. Gotlib and V. P. Budtov, "On the theory of double refract'cý
in solutions of polymeric chains possessing kinetic rigidity," will be published
in 1964 in the Journal 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 Journal H.gh-Molecular Compounds.
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theory [9] gives A -.

In Fig. 7 the dependence

32L is represented as .t funictiov

of g9. From the fit~ure it is

clear that tg 2q Is proportional

to gT when gT << I and when

gT > 15, and the proportion I!it-..

Fig. 7. Dependence of quantity on g-r. factor changes from 1(g- << I

For an ideally flexible coil (1), for a
kinetically rigid coil (5), for rigid to 0.2(gT > 15). Tht, divergi.
ellipsoids with p = 1 (1), p = 2 (2),
p a 3 (3), P > 10 Z4). For solutions of the curves for various
of PMMA fractions in Letrabromoethane: -
unfractionated sample; -0- fraction A; 4- fractions in the regioi of
fraction I1; -0- fraction 1II, -- fraction I -
fraction IV; -A- fraction V; in low-viscosity large gr is probably the result
solvents: -0- fraction V.

of residual polydispersity .A

the fractions, which the dependence given in the same place for the! anrefrrtiut,: '.. A

sample indicates. The dotted lines correspond to the theoretical dependenr e for

rigid ellipsoids [5, 6), idertlly flexible dumbbells [9] and kinetically r1Lid

dumbbells [10).

?. Consideration of Anisotropy of Hydrodynamic
Intera,Ž ;ion

The value A -- C.2 / t) 1',_.v .:z. r'isily deformed coil c'm be obttiint I It' N,

t ,cnsiderttIon t:n, rinl.;ctropy of' th, hydrodynamin interactiotn of tht.., •;i, it v

As is krnwn '17, 18] !t consideration, of the anls(,tropy of hydrodynamni.

Ints ra:t ,cr, allows obtaining the dependence of the chracteristicl c..fly

v, ioc.lty I' :jd'ent. of tht. `ow without an introduction of thc intt-rnt

of the c~ii.

Inl tw c"e uf tht, isutrupic hydrodynamic lnteraction tn, d,, l', r~rinv{ tii

or'i.et Irl'ti-m-e of the flow are identical [9], -ird .consequ, ntly tru magnit-i,

o, vl,'osrity :' the solution 2U], 0, -9n, the quantity it do not, dt.-ji r.n i

vt loc I t, t r'a I -lit (so1 o".0 an iitia- 11) f' ,xib le coil . Howcvtr, i.ih r - .. ' 1

t-ikon uof thi, -rlýi otvopy rc! tht th'.rodynami., 1nt.'U ctn ti..•n [17, It- ,', "", ' 1.

Intern,),' vi:*,;- ity t tic rl. idity i'] [21, 25], I a t :el[• " I 2?

on tht vt 1 l,1ty gr•aitnt ippeavs. The consideratioi <, fin1;utr1o:,y ol t.l,

niý-rouynir1-" Intitcractlon end con•Li.-ration cf' tht ijt rna vlscoz ,>iv-

cco "rl h'nt A one s10i-1 ) ' , ,I[though in the first c.•s# tht fri.t1,.' " .
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along the axis of macromolecule is less than the friction coefficient perpendicular

to the axis, and in the second case the reverse is true.

For clarification of this contradiction we consider velocity ull of the end of

the macromolecule in the direction 1 (see, for instance, [10]):

S~(7)

where A and B are the friction coefficient along the chain and coefficient of

internal viscosity, vll is the speed of the liquid in the direction 1, all Is a

quantity characterizing the force of the entropy and diffusion character (all is

always of the same sign v11 (9, 10]). In the case of deformation of the chain

For isotropic hydrodynamic interaction [18] ) A,. For anisotropic

hydrodynamic interaction

I t%107.C (8)

where N is the number of subchains and X is a parameter depending on the friction

coefficient and length of the segment (0•-Co.0.14) [17, 18]:

Let us formulate the difference of velocities of the end of an ideally

flexible macromolecule with the isotropic hydrodynamic interaction *.. and of a

micromolecule with in~ernal viscosity and anisotropic hydrodynamic interaction:

In case p-O %t>O, and in the case C-O A%>0. Thus, the speed of deformation

with account taken of internal viscosity ana anisotropic hydrodynamic interaction

is less than the speed of deformation for an ideally flexible coil with the same

orienting action of the flow.

Let us examine the influence of anisotropy of hydrodynamic Interaction of th,

dt-pendence of the angle of orientation on g during small nydrodynamic stresses.

In formulating equations for the distribution function of particles in the flow

wt, wrll 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 0 equations taking into account anisotropy

of the hydrodynamic friction (plane case)
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where #fg9. AL Is the undisturbed mean square of the distance between th,- ends

of the macromolecule, and # is the angle between directions of the flow and

3ine -, where C is small quantity, a solution will be sought In the

form 9,=% C%+ .. We can obtain relationship for moments:

If the right sides of tht equations are averaged with the distribution function

then we will obtain linear members in expansion with respect to •. For thE gni'i t:

orientation

S.mah_4.CV+.J..

The corresponding calculations for the characteristic viscosity giv,-'

which with an accuracy of numerical coefficients coincides with rfjults of wo.rK*-

({7, i8].

For the quantity of double refraction (effect ol" untrimsic snisotropil wt.

-an obtain

where '.(+) and k Is a constant.

Thus, in the case of an ideally flexible coil, but taKing Into azco-.At tU

anisotropy of the hydrodynamic interaction, we obtained Am- -CO. i 1 Vijfu, ý.- i

roughn, ss of the model these calculations pretena -nL) to - qua'itit lv, coir -j,.;z

,ith th,? experiment. It Is pcssible to give a maximum. Rcpr.isal 4<4

oansidering that calculations are made for the efit-7t cf intrlwici 'r.isotrý-,

It is interesting to cumpare the theoretical curves of the dependenw.e of tV-

angle of orientation on the velocity gradient for coils :e, 9, %nd rigid



ellipsoids [5, 6]. It is 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 ellip3oids with p - I coincides with the dependence for an ideally flexible

coil.

Using the equations for coefficients of forward friction (19] we can obtain

the magnitude of the anisotropy of coefficient of hydrodynamic friction of rigid

ellipsoids:

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 is

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 advie and help in the work.

Conclusions

1. The dependence is studied of the angle of orientation of double refraction

(effect of form) on the velocity gradient in a wide region of hydrodynamic

stresses for solutions of 6 fraztiona of polymetlyl methacrylate during a change

of viscosity of the solvent for fraction V from 0.3 to 15.6 cp, and for the

remaining fractions froa 5 to 15.6 cp.

2. A method is proposed for finding the initial slope of the dependence of

the angle of orientation on the velocity gradient, taking into account the

measurements taken during large velocity gradients and for solutions of high

:oncentrations of polymer.

3. The Influence of the anisotropy of hydrodynamic interaction on the gradlert

dependence of the angle of orientation Is considered.

a. A Comparisor. is made of *xperimental data with the theory for ideally

flexitle and kinetically rlg.d macromolecules and also with the theory for rigid

ellipsolds. Taking into account the anisotropy of hydrodynamic interaction, it is

rossible to -oordinate well experimental data with carclusiori of the theories.
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DETERMINATION OF HYDROGEN IN ALUMINUM ALLOYS BY THE
METHOD OF ISOTOPIC BALANCING

N. M. Orlova and A. A. Petrov

The difficulty in tVc determination of hydrogen in aluminum and its alloys

lies in the relatively smail content of hydrogen in them (of th, order of 5"iO' 5%)

and the formition of a surface hyi.roscopic fil,. of aluminum oxide, actively

absorbing water vapor from the atmosphere.' The quantity of hydrogen in this film

comprises a magnitude of the same order as the quantity of rdrogen dissolvad in

the metal itself. Moreover, the ratio between the quantity of "surface" and

"vclumetric" hydrogen depends both on the form of the sample and the nature of

treatment of its surface.

The method used at present for the determination of hydrogen In aluminum, tht

method of hot extraction proposed as early as 1-.317 by -:*u. A. Klyachko (3] and

developed then in a number cf works (4, 5, 6], appears to us to be t-Adequate

,.or two reasons. First, a sharp decrease of g&a generation at a given temperatur-

wuniot serve as the criterion of complete degasing of the sample ('], owi4 to

uc-" tt-, resIts of determining the content of hydrogen in a metal can Ippear

,nderstated. Secondly, in conditions of this method the full desorptiun of

"surfakce' Ny'ronger carmot L1-5r &iso because of the Interacticn of thhe surface

~:"1mAl,- &nd water d.-Isorbed on it, resulting in the foramtion of stable

1;Ij~num hidrxilde. Acro'ding to data of work fe) hydroxyl groups are partially

•It s possible tAt durirg the adsorptlo. -f large quantiticz cf wit*,r vapor
-m- nirý.xlde ig forued [i]. The asorptcin of hydrogen in the oxid'•zed film is

and lt, apparently, :anw be disregarded 12).
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retained in film= of alominum oxide even at 800-900°C. Therefore, we are inclined

to consider that, although the schemc of the separate decerminatlon of "surface"

and "von.metric" hydrogen, presented, for instance, in work [4) is theoretically

true, the qu!mtitative drta obtained in this work are somewhat understated.

For proof of this we conducted the de, ising of aluminum at 6O0 °C and found by

apply:ig the method given below, that after two hoars of pumping there remains in

the metal up to 50%, after six hours, about 30%, and even after 15-20 hours, a8h'!t

10% of the initial total content of hydrogen, which comprises in different samples

i.0-2.0 cm3/iOO g. Proceeding froL the above, we should make a conclusion concerning

the possilbility of systematic e.rorr leading to understated appraisals of the

quantity of both "volumetric," and "surface" hydrogen produced in the method of

vacuum extraction.

Truer appraisals, in our opinion, can be given by the method of isotopic

balancing, irasmuch as it does not require Lhe full liberation of gas from the

metal and, furthermn:re, it is known [8] that equilibrium is established sufficiently

fast in the deuteroexchange of films of aluminum hydroxide at 50')°C.

"'he installations on which we developed the spectral-isotopic method of the

determination of hydrogen ii aluminum and its alloys are analogous to those used

earlier [9]. The investigaticn is carried out on samples of aluminum and its

alloyýs of various compositions, bcth cast and pressure-worked.

Isotopic balancing was carried out on cylindrical samples with a diameter of

b-6 mm and a weight of I0-20 g at a temperature of 5000 C, i.e., comparatively far

from the melting point of a7 inum, inasmuch as the vapor pressure of certain

'components of alloys, for instance Mg, is safficiently high, and on the walls of

thc exchangey a metallic sublimate can be ,,rmed which to able of actively

absorbing watter vapor and hydrogen from the atmosphere, Moreover, the correction

of the reference [?] experiment increases from experiment to experiment (se,-

figure), attaining a considerable magnitude (0.2 ± 0.02) cm3. Such a magnitude of

correction and its scattering essentially lower the sensitivity and reproducibility

of the method, which is impermissibie during the analysis of those small

concentrations of hydrogen which occur in aluminum and its alloys.

Therefore, we used the removal of the sublimate by calcination of the ex.changer

under pumping for 15-20 minutes at a temperature of i000-1iOO0 C after each analysis.

Here the correction of the reference experiment decreased to '0.025 - 0.005) cm3
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and remained constant in time (see figure). In those

0 •I cases when alloys were analyzed which practically

did not give sublimates at 5000 C, and the correction

a3
was (0.05 ± 0.01) cm3, the exchanger was not calcined

m nber of Lml•ym•ys after every experiment, but control experiments were .

periodically produced.

Dependence of? correction As was noted above, results of experiments (in
of reference experiment
on the number of analyses. particular, the magnitude of the "surface correction")
1 - without calcination,
2 - with calcination of depend on the specific surface of the samples.
the exchanger.

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 samples were washed in

ether directly before packing in the exchanger.

Table I

Characteristics of the sample "Surface correction," ml/cm2 2

Cost ......... ............ (5.0 ± 0.8).10-3

Cost ......... ........... (5.0 ± 0.8).10-3

Cost ......... ............ (5.5 ± 0.4)io"

Cost ... ............ (4.0 ± 1.0).i103

Treated by pressure . (3.5 ± 0.5).10"3

Treated by pressure ..... (3.3 ± 0.4)"10-3

Treated by pressure (3.2 0.2)"i01

'The correction variance is represented by the mean
arithmetic deviation ofe the unit 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 a quantity of several per cent.

We noted no influence of the treatment of the sample k"cost" or "treated by

pressure") on the speed of the isotope exchange.
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For the separat.ion of the "volume" and "surface" content of hydrogen we used

the process prccsed in work [4), introducing certain changes into it. The samples

were degased in a vacuum (p - 10-5 mm Hg) at a temperature of 5000 C for 15-20 hours.

The method of isotopic 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 surface developed 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 sr.mple in air Is shown in

Table 2.

Table 2.. ...
Characteristics of the sample "Surface correction'" (ml/cm2  during holding

1-3 -3

COst . . . . . . . . . . . - 4.5o10 5.5-10 5.0.10 50"103
Cot............6 0-W 3 5-5 .03 5-5- 0-3 ;5 1-3iCost.................... - 6.0.i 5.5.IO" . .5iO~ I.0.I0~

T r e a t e d b y p r e s s u r e . . . . 3 5 . 51 0 3 3. 3 .1 0 - 3 3 1. - 1 0 A3 3 . 2 .1 0 -3

Treated by pressure ....... 3.4.10-3 3.2.I0-3 2.9.10-3 3.3".0-3 -

From Table i 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 specific surface during the machining of the samples turns out to

be 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

immediately after grinding of the sample, which is in accordance with the data of

other authors [10, i1). It is possible to confirm that, at least, during the 1,eek

after grinding the magnitude of the "surface correction" remains constant. This

undoubtedly facilitates the procedure of carrijing out the analyses. Apparently

the "surface correction" for alloys treated by pressure remains constant during a

sinificanlty long time, which, as it seems to us, is impossible to say about

certain cast alloys. Probably, in cast alloys there is a slow penetration of water

vapor into the thickness of the metal through the microcapillary defects existing

in it. PA,-:3ding from this assumption, we should conclude that the determination

of truly dissolved hydrogen in cast samples after their prolonged holding in air
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is possible only with a considerable 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. For this reason we must especially investigate the possibility of

V. using cast samples as hydrogen standards for the spectral method of the determination

of hydrogen in aluminum alloys; tk'is 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 is obvious that the elimination of a source of systematic

error 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, 13]. However, as one can see from

Table 3, with such treatment oP th. sample less than 50% of the surface hydrogen

can be liberated. Apparently, in these conditions there occurs intense formation

of aluminum hydroxide, accompanied by only 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, °C 300 400

Time of desorption, minutes i1 20 30I 40 10

Surface correction'"10", ml/cm2  12.0 2.5 1.9 2.i 2.4

'Prior to desorption the "surface correction" was
equal to 3.3I0" ml/cm2 .

Inasmuch as we did not manage essentially to decrease the quantity of "surface"

hydrogen during desorption, we gave up this method, and we determined the content

of hydrogen in metal (VueT)taking into account the "surface correction" by the

formula

V..- VWM - Vu-.S.

where S is the surface area of the sample.
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The total amount of hydrogen (Vo 6d was determined for each sample under the

above-indicated conditions of isotopic balancing; the magnitude of the "surface

correction" (VRoB) was found in .hose same conditions beforehand from a series of

parallel experiments with preliminarily degased samples of the given alloy.

From Table 4, in whteh 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.

Table 4

IWI 3wq Vl VW-8 Wanmsa aft -e,

U
4 Is

11.11 Isa

'Mean arithmetic scattering of unit measurement.

The essential difference in the quantitu "volumetric" hydrogen in the

investigated alloys can be a random effect of the prehistory of the samples;

however, as it seems to us, we should pay attention to a number of circumstances.

Samples which went through treatment by pressure contain, as a rule, a smaller

quantity of gas as compared to cast samples. Possibly this is connected with the

decrease of microca~pillary 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 solid state.

From Table 4 it follows further that the random error of the analysis is a

r.ugnitude 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.'

'The reproducibility of results is determined mainly by scattering of' the
surface correction. However, during an appraisal of the reproducibility of the

methd on y 4 6 , is considered since the magnitude of the surface correction was
determined beforehand from a sufficiently great series of parallel measurements.



Regarding the accuracy of the deteminations, as was noted above, it is necessary

to give preference to the spectral-isotope method over the method of vacuum

extraction.

We especially did not clarify the magnitude of the systematic effor connected

with the difference of solubility of hydrogen isotopes in aluminum in conditions

of our experiments. However, the fact that results of determinations at the

temperatures 500 0 C and 8000 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.
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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 [ij, then it is possible to construct a theoretical path

of the line. However, with such assumption is 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 T0 this formula was used:

' _-I .(1)

it was derived under the condition that the intensity in the center of the line

i0 - 0 [3); for the line used in the preceding work [2] i - 0 not only in the centev,

but on a certain section with an extension of 0.3 A. During the investigation

of the path the intensity at each point is usually divided by the value of the

intensity of the continuous spectrum. With a line width of several angstroms it

i• 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 i - 0 the solar energy does not reach the lower layers of the
atmosphere and, consequently, some of the 02 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 growth curves. In order to avoid this, it ;8

necessary among lines of b~and A to select a line for which In the center the



blackening is so close to zero that the ratio (1) is fulfilled. This conaition is

satisfied most frequently by the 18th line of branch P . With a further growth

in the reference number th- blackening in the center starts to differ inuticea.ly

from zero.

For an appraisal cf the time of the free path line P,8 was selected In band A

with a wavelength of 7659.37 2 in the spectrum of the center of the solar disK.,

obtained at AOKGU1, 5 March 1959, at tlim Moscow time. The spectrum measured

photometrically on an XF-2 every 0.01 mm, which allows constructing the

dependence between #-IWM and Y--g(u--1) (Fig. 1). With this Ad---I- and to i3

the scale reading of the ([F-21 (WI-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 450:

a+ps-D. (2)

Since

om--10rk (3)

then witt the obtained mean value • - 8.9755 will be - lg (2YT) 9.4878 or

1/2w0 - 0.MO7. On the other hand

We finally obtain TO - 76592/0.307.2.998.10 8 .1.225.o10i). 2 - 8..io-i2 sec.

This confirms the value of T. calculated earlier [2]. For cnecking we substitute the

calculated value T. into formula (2), construct the theoretical line (dotted line),

and compare it with the observed line (solid line - Fig. 2).

For an approximate determination of the parameter To

we can use a simple method. Let us transform (1) and

integrate over the whole path:

(5)

Consequently,

. (6)

- In our case WV - 0.915 9. Expressing equivalent width W

Fig. 1. in units of frequency, we obtain To - 11.10"12 sec. This

'The Astramical Observatory of the Kazan, Kiev, or Kirgiz State Universtiy
[Tr. Ed. note].



makes it possible to determine T0 from the intensity of lines

for all spectra, where there are lines, with zerc intensity

i:i the center, 1.f it is Known that damping is caused by

collisions. Here tne lifetime of the upper level for

absorption lines should considerably exceed the mean time

of the free path. For C molecules this condition is

Fig. 2. observed, since the upper level 1 is metastable and has a

mean lifetime of the order of 10 sec [5).

According to the kinetic theory of gases the number of collisions between

mulecules per unif 4 is expressed by the following formula [4):

where n., n 2 are the number of molecules 02 and N2 per unit volume; oi, oai are

the effective cross sections during collision; m., i- are the corresponding valucs

of molecular weight, where m0 - mi + m2 ; T is the absolute temperature; and k is

the Boltzmann constant. We produce calculations with the following assumptions.

Air consists of a mixture of 2 gases. The total number of particles per unit
0 0

volume is N - 2.688.1019; a I1 3.2 A, a2 - 3.5 A; oil - 32.00; m2 w 28.02. Maving

substituted the indicated values into formula (7), we obtain for T = 2730K

v= 2.109 see1.

Thus, there is a considerable disagreement between the result of the theoretic-l

calculation and data of spectrophotometric investigations. First, the expansici,

of the path is connected not only with collislcns but also with the Doppler effect.

In this case the path can be represented by equation

whe re

Sw s t ; ,=.-LA -4.

One of the subsequent problems is investigating the influence of Doppler expansion

on the lin- contour. Secondly, oxygen Is distributed in the atmosphere

noriuniformly, and different layers have different pressures and temperatures.

The observed path lippears as a result of certain averag'ing cver all ..y rs.

',n impcrtant practical problem is the interpretation of observtd circuits ,-n the

;4



,.I I

,i basis of different model3 of the standard atmosphere. For 2hecking the mentioned

assumptions ttw spectrum of the center of the solar disk was photographed from the

observatory of Moscow State University GAIShl (in the mountains of Zailiyskiy Ala-tau;

H - 3060 a above sea level) [6] by means of a [DFS-31 (AC-3) spectrograph with a

reverse dispersion of 3.995 X/M. Spectrographing was carried out at 1 0 h5 3m Alma-Ata
0

tim. For determining parameter TO line P8 with A - 7632.17 A is selected it

Possesses maximum intensity and a central density of blackening close to zero.

0 1Equivalent width turned out to be W = 1.0269 A - 0.528.10II sec-. Hence

the approximate value T - 0.948.10"11 see is obtained. With the help of photometry

at the contour the above-described method gives an exact value T - 8.21.I0"12 sec.

From the conducted investigations the following conclusions can be made.

1. The path of atmo-pheric 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 appraisal of the mean time of the free path it 's sometimes possibly

to use the equivalent line width -f absorption.

Su ary

The formuls for the determination of the time of the free path TO is derived

b-, means of the photometry of the absorption line Q,. On 4 such lines, which have

intensity equal 0 only in the very center, are used. The differenze between the
thecretical and observed value T is fourd. It is possible to use this method for

rskin4 model o' the standard atmosphere more precisely. The value T 8- sec
in 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

flUXw • and of radiant energy. The former require the assignment • and the

latter T. where AF(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]

CIO IV

No )-! W )(. ' ~ 2

iinit

where S is the intensity of thq line; a. and eL are the Doppler and Lorentz

halfwidths of the line, respectively; c is the volumetric concentration of the

absorbing gas; pO, pO and a OL are correspondingly pressure, denslty, and the Lorentz
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halfwidth under normal conditions; v 0 corresponding to the ý:er.ter of the line;
I0

C,(z) and C2 (z, z ) are certain coefficients [1].

Curves of Fig. I give the approximate dependence on the parameter of the line

y of the lower bouniwtry of layers of the atmosphere (by parameter a), for which

outside the intervals (-12, 12) and (-120, 120) there is not more than ± and 10%

of the full value of For lines 15-micron band of CO2, of the considered

in detail, on the assumption that aD - 5.6"10-4 cm"I, aOL - 7.2.10-2 cm"i and

C - 3"10"i , heights of the lower boundary of the indicated layers are converted

* to km (model of the atmosphere ARDC-1959 [2]).

The 15-micron band of CO consists (1] of small

freqt ency intervals with a great concentration of lines

and more rarely occupied regions of overlapping P and

R branches of different vibration-rotational bands,

*4 which belong to the same several most widespread

isotopic varieties of CO2.
V!

* 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-. 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 tfheir distribution by intensities. In the interval 1.6 cm 1 in the region

of frequencies 615-700 cm- 5-10 lines are necessary, where including not more \

than two with a value of 7 £ 100. It should also be noted that the intervals

(-12, 12) and (-120, 120) correspond to frequency intervals 1.6.10-2 and 1.6.10"
-1

cmk . Then, according to Fig. 1, it is possible to assume that the calculation of

Sduring the transfer of radiation between levels lying higher than 25 km in

the approximation of the isolated line does not yield an error of more than several

percent.

Q-branchs of different vibrational transitions creating a 15-4 band occupy

-1 -1 1
frequency intervals from several tenths of a cm to several cm . Distances

between adjacent lines in the majority of the Q-branches vary in a wide interval,

10"3 - £0"1 cm" 1 , with values of the order of 10"2 cm" 1 being most characteristic.

For overlapping Q-branches, lying in the interval 667-672 cm- and belonging to

the most intense vibrational transitions, the calculation of i in the



approximatlon of the isolated line, correct to several

per cent, can be carried out above 50 IM, and for the

remaining Q-branches, above 30-35 km.

Curves of Fig. 2 give the approximate dependence

* on ) of fraction lying in a certain Lnterval (42, fl)

for two cases: 1) during the transfer of radiation from
Fig. 2.

the upper boundary of the mesosphere to a level

characterized by the value a 1.2 (30 kmi for the 15 h band of CO2); 2) duIrlng

the transfer of radiation from the level a . 2.6.i0"2 (60 ian) to level a - 3.6.i0"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 the approximation of the isolated

line during the transfer of radiation upward.

From Figs. I and 2 it follows that the region of application of the considered
*A"

approximation starts from somewhat greater heights with a calculation of X- 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 0 as compared to that of integral (1). The region of

application of the approximation should especially be reduced in the interval

667-672 cm-

The form of the distant wings of the line is described by the statistical

theory of expansion. 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, HCl, CO, H2 0, and C02 (O.3 ± band), were

made by Benedict and his colleagues [5, 6, 7]. 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 a statistical form

at distances from the center of the line of the order of I cmri and more. But the

use of the approximation of the isolated line in the atmosphere, for instance in

the 15 g band of C029 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 is valid.
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ON POLYANIONS 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 to make a short survey of the results attained in this region of

investigation.

Polyborates. Figure I shows a group of curves (1], which are connected with

the reaction B(OH)3 + O'-'

On the axis of abscissas log h - log [He], on the axis of ordinates, Z, i.,.,

the average of hydroxyl ions which interacted with a molecule of boric acid. In

this case Z is the average charge at a boron &tom.

In the most acid solutions Z - 0; boron wholly enters in cos.?osition of

boric acid. In strongly alkaline aolutions Z - -1; boron comes forward in the forrii

of an ion formed by connection of one OH" group to P(OH)3. Between them is an

area where an equilibrium is obviously established between the various forms of

boron compounds. All these data were obtainr bI, up -rveral years ago by

p-entiometric titrating. By measuring the emf we established [H+] ard by %nalysl

wp determined the quantity of reagent added to the solution. Consequently, it is

simple to calculate how much OH" is combined with boron, and thus .c obtain Z.

'After arriving in Leningrad in 1961 the known Swedish researcher in the rtti•
:f polym•rilzation of ions in solutions, : G. Sillen, read a lecture to the hiLc'
department of the Leningrad ,tate University about the latest r-czesses in th-
-hemistry of complex compounds.

This article is a short ac'!cunt of this e-cture, a-iabl) .; -r by L. 6. 'iler.
to the editor.
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Let us return to the curves in Fig. 1. At the highest concentrations of boron

the curves differ from the "limiting curve." It is otvious that other comwlexes

(polybor&te anions) Pre also formedJ.

Chemical literature contains many assumptions about formulas of polyborat s.

Certain autho.s consider that there are two separate questions; what is the form

of the complexes and what is their durability. However, in our opinion thfst two

questions are indivisible and they must be solved together.

If we have a f-" parent squcous solution, then It is interesting to know what

complexes are in it? 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) 3 and B(OH); but the lines

of the new complexes are not distinctive. The application of nuclear-magnetic

resonance turned out to be useless.

For system of borates, just as for most systems, the most reliable method

turned out to be the method of equilibrium analysis with the help of emf. With

such investigations, in our opinion, it is necessary to consider the following:

one must make no prerequisites about fo,-mllas of products: one isust keep the

ionic medium as constant as possible (this ensures a constancy cf coefficients

of activity, without which it is very difficult to obtain reliable conclusions

about formulas of products); one must conduct the measurements ana analysed as

accurately as possible; one must attain as wide as possible a range of concentrations

of central group and H+

Tungstenates. Figure 2 shows the correenonding cu,-ves during acldation of

tunastenate-ion t5l. Along the axis of abscissas Log h, is placed-

of ordinates Z, i.e., the number of H+ I•,,c the avtfage reacted with every

-2
anlon . z- Z 2 is the average charge at every W atom. in alkall solutions

W exists only in the form of WO':, 3,o that Z - 0, z - -2. Te different curves

pertain tc different general conctntrations of tungsten. i" mat~hmatIcal yr' .

of the data it may be concluded that in taese conditions on,• one c-zplex uit-. .ýt

Atow W and charge of 5 will be rormed. "he curves in Fig. 2 arý- -aLcu. a

¶ssummlng that onl"y thi: reacticr. :_:'reu

_i•%a4



GWO +f l . HWO--+ 3H•0. (2)

The experimental points, obtained by Sasaki from measurements of the emf and the

theoretical curves well coincide. It is 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]I. In this case these data present part of a three-dimensional surface.

The problem consists of finding such a theory, i.e., such reactions and such

equilibrium constants, Unat the surface calculated proceeding from this theory

coincidea with the experimental data. From Fig. 2 it is clear that we managed

a to solve this problem.

Experiments show that if the segment of

'4 the surface is sufficiently wide the solution
spm ,o,. . of the problem is almost simple. With other

complexes or other constants the theoretical

surface does not coincide with the experimental

data, i.e., in a projection such as in Figs. 1

Fig. 2. Experimental data of and 2 either the form of curves or the
Z(log h)B for oxidation of

tungstenates. Curves are distance between curves diff•r from the
calculated proceeding from
assumed reextion (2) with experimental data.
log K .6o.67 [5]. It is possible to compare the "three-

dimensional data" with the "two--dimenslonal."

If there are measurements only at one concentration, the data are "two-dimensional."

With their help it is also possible to exclude certain theoretical assumptions.

There are also "one-dimensional data." Thus, e.g., if we change the composition

of the solution and simultaneously measure some other magnitude (electrical

conductivity, viscosity, specific density, etc.), we will obtain a curve on which

sorietimes there is a clear break; in certain cases we car. assume a break. But unly

result of such measurements is an approximate determination of the position of this

breaK. This is why I called such curves one-dimensional. If there is only one

compl. ' and is this complex is mononuclear, then from the "one-dimensional data"

It is possible to make a definite conclusion. But if there are many complexes

ar.a 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 series; of formalas oI cui opLexeb, wnich

lob I



Fig. 3. Experimental data of Z(log h), for the

reaction VO+ + 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," but which

lose their value when "three-aimenslonal data" are used. This also occurs in the

case of tungatenates.

Regarding tungsten, it is possiblq to add that reaction (2) is only the first

of the acidation reactions; equiliiriun. in it is rapidly attained. Upon adding a

surplus of acid and heating ether complexes are also formed. In the future we

hope to investigate them at a hIgher temperature.

Vanadates. In strongly acid solution pentavalent vanadium is in the form of

a VO+ cation; '-don adding OH" an interaction occurs. Figure 3 shows the data F.

Rossotti and k1. Rc.sectti [6]. As in the preceding cases, on the axis of

abscissas is log h, end on the axis of ordinates, Z, i.e., the average nuuber of
coine with each ion. At high concentrations of acid Z - 0, i.e., there

+ V+is only VO. We can imagire that VO and OH- form a neutral complex such a&, e.g.,

VO2 CH or HVO3 . This would correspond to Z - I. But with such concentrations this

is not observed. The curves attain Z 1 i.4, i.e., !1.4 OH/VO• without an

interruption; anions of approximately (Vx...)"0.4x are immediately formed.

Solutions containing these anions are orange.

Until F. Rossotti and H. Rossotti made this investigation, all textbooks

indicated that orange solutions contained hexavanadates, i.e., complexes with 6 V

atoms. But mathematical analysis of the data showed that conformity with

experiment is obtained only if we consider that there are decavanadates with 10 V

atoms:

--1- -
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Brito and Ingri continued the Investigation of vanadates in more alkaline
i1

solutions [7]. Their data are represented in Fig. 4. On the axis of abscisaas

is log [ON-], or. the axis o ordInates is Z. Z is the average number of A - H+,

which reaeted with each B 2-HVO4. At Z * 0 we have "pyrovanadates" with charge

of -2/V; at Z I ± we have *metavanadates" with charge of -1,/V.

2•i The general formula of the

complex can be written

-A�-, +1,(H*v,(Hv ),.

_ .•From the data of Z(log h)B04W •we can ealculate th'e average

.4 composition of complexes (f and q)

p g "without any prerequis5.tes; the

mathematical calculatior is simple

Fig. 4. Experimental data of -(-log OH') [8]. Figure 5 shows F and j
for acidation of HVO,. Curves are

calculated proceeding from assumed reations calculated thuslv. The small

and constants, given in text [7]. crosses correspond tc possible

complexes. Based on this calculated P, q it may be concluded that at the highest

concentrations of vanadium the predominant complexes are

£ -- (.H•(HV:-4--Vg01 and AB=H (HVO"•--V'O•.

in which a minimum quantity of water is assumed. All these conclusions 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 following

final constants of equilibrium were obtained:

UHV~t-HV9&r+ OW IgK- - 3.18+
SHVot- wVsat +a30I- W,9=- -o,,42,

HVOI +NO- o=tVoF+ONO IgI(=- 6,o.

The ouestion arises: why are Just V 03" and HV O3 formed and not, for j-."stance,

3 9 2 7

TV 02- and V2n4?-_ This formulation of the probleva showý" thett we reaeone' by an

analogy with the theiaitry of phosphorus. Phosphorus he.3 a c.rdinatiorn number of



3- 4- 3-,
4, so that PO' F 2 0 etc., are formed. But for vanadium the coordination

2-number most frequently is 5. Consequently, the HVO" ion, in our opinion, is

more likely V0(OH)- 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 molecules, so that the formulas Hv,'03 and V02(OH) 3
cannot be distinguished. Thus, it is possible tc explain the two complexes

HVO' and VO03 i.e., (VO)O) ad(O(OH)3-; in the first complex there27 3' 2 5 2 6'
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 Al Figure 6 shows the total the data of F.

Rossotti and H. Rossotti and Ingri and Brito.
3+

There are two regions: HVO+ + deca" and "meta-pyro."

Ut If we mix a solution correspo-.ding to the regioni* .,, .v2

Z •V0 2 + deca" with acid or another solution from the

I/U same region, then equilibrium is established very

j l •raDi4ly. If we mix a solution from the "pyro-meta".

Fig. 5. Average composition region with an alI'ali or another pyrn-meta"
Sa osolution, equilibrium is also instantly obtained.

Between them is a region characterized by very

slow reactions; we called it the region of

instability. If a solution is in this region briefly, then equilibrium is not

attained; 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 "VO2 + deca"

with an acid. We think that exactly this is the cause of the difficulties of

many preyiou inetu0 i--a

Molybdates. Figure 7 depicts different curves obtained by Sasaki [9] from

measurements of emf and analyses. On the axis of ordinates Z is the average

number of H+ combined with each MoO2 ion. The average charge at each Mo,

z Z-2. At pH > 8, Z - 0 and there is only MoO'. As before, the curves are

caIculated 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 ) 8 (MoO4') 7 complex, i.e.,

Mo7 024 is especially stable. It is very probably that this is the same

-10o7-



A £verlgs oharge/v

~lit -
mole

0 mole

"egion of Instability"

so 1 ole 
-

Fig. 6. Survey of the totality of experimental
data ot vanadium. Between the regions "V02 +

+ deca" and "meta + pyro" is a regicn of
Instability [6, 7].
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Fig. 7. Experimental data of Z(log h) for acidation of molybdate.

par&-rnoiybdate, which Lindkvist found in structures of crystais [10].

Table i gives those reactions which we concluded on the basis of our data.

Her!? -e give 4he constants of equilibrium from article [9] and those constants

which we obtained during treatment of wider material with help of ar, electronic

_1 • ,-',.



computer [11]. Our data can be explained

by assiuming that there are basically

com•p',e:s with one or seven Mo atoms.

I "In our opinion, only in strongly acid

" •solutions are there cations with charge

of +i; however, by this te still cannot
,lM

determine how many Mo atoma are in it.

* , At high concentrations of molybdenum

there is a more comrplicated complex,
Fig. 8. Average composition 4,

of complexes (H+)p(MOCO-). perhaps, Mo 8 05 6 .

Calculated directly from experimental In the chemical literature various
data [10] according to method [8). 2-assume the following complexes: !oO•' ,

HMoO4, H2 M0041 o 02-M0 3 - 2- 0H 5-
M2 7 3 MO 11 , HMo, 3 1, M04O1 3 ' H2y'o4O1 3 * HMo,4013, H'6 21' V0Mo0 21.

3-o 6- 4o- (ni)- 1i3- 3- 05
3N6021' 7702•' M°8026 Mn-l(MO04)n HM012 43' "7• 12 41 HMo2407 8'

•M24°• 78'1'-1(Mc'4)•n, (HMo4n"

Table i. Equilibrium of Molybdates According to [9j
and [i1]

. +H÷-- .O,,;...................
H• +N--sO..- +s

mbot- + W+÷- * +04no....... . .. .X
soo+.- mN61*..... .......... 4 441H M s C + H. ÷ - @ 4 - .. ... . . . . . ....

1%X.O(V+÷--%qM%,k. -180 posuible
and I,,O6NW (M=.IA..) e.atogu

a-, N• •omplex........... ... ...

Four of these formulas coincide with ours; the presence of other compleges

is not confirmed by our measurements; however from the investigations of the

Stockholm authors there are still new formulas: HMo70 , H2Mo029, ard H3 M702.

The method offered by us allows conducting a certain simplification and

* sampling of data in chemistry of polyanions.

Chromates. Sasaki [12] thoroughly investigated solutions of chromates by

the spectrophotometric method and the emf method. Figure 10 shcws his results

(designated by points) obtained by the method of measuring emf (Z is tfle average

number of H+ with reacted with each Cr02- group). From an analss of thcse data

4*
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Fig. 9. Experimental data for Fig. 10. Connection of the surface by
acidation of the CrO" ion. Curves log B(log h)z at constant Z. Curves are

assumption AB (heono4bonratrv-are lulIedp1 nfrim theoretically calculatcd proceeding from
fo tthe assumption that there are only

assumption that only HCr0 and complexes B (boric acid), AB (monoborade-
2r ion' and AcBo(pentaborate-ion with charKe2 7 of -5) [1). -Points designate experimental

constants given in text f17]. data of Fig. 1.

Saski concluded the possibility of two reactions occurr-ing and obtained equilibrium

constants for them; the cuives in Fig. 9 were calculated theoretically, proceeding

Sfrom these assumptions. Almost the very sawe constants were obtained from the
• spectrophotometric data:

Reaction log K

faf spectrophotometricN+Odtow 5.0±t0,0 5,91 *0,01

00% -=C% + +$H 2.±0.02 2.1 ± 0.0

2- 2-
.•Th&, in a system of chromates we find namely those complexes, Ur04', Cr2C•', 7 and

HCrO4, wkhce existence was assumed by all authors.

In order to reveal the essence of some of our methods we will return to boron.

The French researcher, Carpini (13], noted that curves such as are depicted

In Fig. i ap.roximately correspond to Z - 0.4. It follows from this, according to

his assamption, that there are mainly polyanions of this composition, i.e., with

five B atoms and charge of -2. 'c Is not difficult to check the correctness of

such an assumption. Th"e data in Fig. 2. jpreasnt a three -d..men,•ional surfac.(! each

curve of Z(log h) is a cross section at a constant general concentration B.
Figure 10 shows cross sections of the same surface B(log h)z at constant Z. It is

C -1easy to prove that if there are only three complexes, schematically B1, 31 , and
2-J , that the totality of cross sections has to have tVe same form (curves in Fij.

10). In the sas case it would have been possl.ble to : 4 splace theoretical curves



In such a way, so that they coincided with the experimental poin,,s. It is obvious

that this is impossible, and, therefore, the hypothesis of Carpeni can be excluded.

From a mathematical analysis of our data it follows that is a P.' complex.

and also complex with charge of -2. But the range of concentratioz for boron "las

too narrow to finally solve the question about the number of boron atoms; 3 or 4;
2- 2-

i.e., B 3 or B4 . 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 instead

of perchlorate as the ionic medium? This is the method we called self-medium

(self-medium method).

At first we will mention the fact that when a medium created by a neutral,

e.g., sodium perchlorate, is used the activity of (H120) and ions creating the

medium, e.g., (N+) and (ClO-), is almost constant, as a result of which it is

impossible to establish from measurements of equilibrium how many molecules of

water or ions 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(mf) ].Nax(ClO)yH20)xY'. However, Na+ and C1O0 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 N&Br

or KBr (14]. The quantity of H20 can be judged by the structures of crystals,

where there is a B3 0 3(OH) complex which corresponds to Z - -3. If we now use

sodium monoborate, Na+B(OH)4 as a medium, the general formula of complexes will

be (H+) p[B(OH)ý]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 i important to note that now we have possibility separate ions into

groups on the basis of the magnitude p. A group where p - 1, i.e., a 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., (B , B2, Bi , etc.). In a

group where p - 2, we find Bt, B2 B3, B etc. Now it is possible to answer

which point of view is more correct: assuming B 3 or B 4'. ur meaeurement3 in

a self-medium indicate that protons, possibly, come forward by pairs:

(W1)+M~r Z. *o Wel-s* IlkMN.S(iO.



This means that tetraborate (2-) (p - 2) is more probable than triborate (2-) (p - 1).

The magnitude of the constant of the assumed reation:

1k+BA(OHWt+SOW4B(OH); IcgK-7,19

well coincides with that we obtained in a neutral medium log K - 7.10 (3M NaCl04)

(it is difficult to expect then to be fully identical).

An analysis of data shows that in acid solutions and at high concentrations of

boric acid there is one more complex: either B- or B. We checked this assumption4 5.
by the LETAGROP method (this is program for an electronic computer, developed by

us in Stockholm). LETAGROP can be presented as a generalized method of least

squares applied 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 NaCl00 and 90 in a medium of

O.AK N.ClO4). It is evident that the average error is less assuming B, and it

seems to us that this complex is the most probable [131.

Table 2. Equilibrium Co~Lstants Calculated by the

LETAGROP Method from Data for Borates, According to
Two Different Assumptions

No+ ftW•,.+ + iNeW-........ . 4 m -, soe

i(D4•,, W 40Iao- + s . .a . . . . . .-4m4te p Jl- Ui

.•1) ..... ................... .. us
MPo+ 0401%m.N + tO"...........- wke -a.mu.i

......................................... .. -&mO~O66 -v.~tejm
i P(Oft,,.H I+ -A(O1 +÷%O W...... .-4AuIea -.. m*,i

'()................. ............... Ml

Thus, from c%.r data we concluded that in soluti.ons Of boratts there are maii .L

polyanions: B,, BY , and B5* it is i.iteresting theue ct xc-6 w.;f. we

oncluded cn the basis of our data wer. independentl"y fo'.und in 3tructures of

.-rystats: Ba05 (O)2- [151 and B5 06 (0H)- 1161; however the third P 03(OH)

is not revealed in crystals while only BO 3 (CH); (17].

_______________-___2-_
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QUESTION ABOUT PHASE TRANSITIONS IN SOLID BODIES

R. R. 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 anomalous increase of heat capacity

near the phase transition and the observed in connection with thiE interval of

temperatures of transition has great value.

About the nature of the mentioned temperature interval there are several

points of vie,. Certa'Žl authors explair. it by the influence of impurities [1)

and othere by the appearance near the transition of different type fluctuatioiis

or a large number of defects and so forth. In the last case the interval of rh~s

transition should be intimately conneeted to the nature of a given solid body

[2, 3]. The spread of phase transition can be gruatly affected by tte actual

method ci' measuring heat capacity. In the litereture comtparativeiý little

%ttention is paid to this factor.

1.Is work has the goal of obtaining data about ,hermal effect uid manitu.dcc

of temperature interval of transition with the nelp of the ce-lorimeti'-z methoo.

As obJects we chose halides of tungsten and tantalum, rt.-.er well studied frcs

the therwodynamlc side and having temperatures of fusi'Aw and phase trAAsitions In

the region of average temperatures.

The instrumnr.t on which we conducted masurements is the usi•al type Qf

calorimeter of pulse heating with internal heater withcut adiabatic shell. Tbh

thermai impulse (4.5 to 5.5 cal) lasted 50 ser-. To decrease th- heat raamihtiPr tht



internal part of calorimeter was evacuated to 10 mm Hg. Th.( temptrature L,! ti,

thermostat was supported with accuracy of 0.01 ; the rise of temperature in th-

main period of the experiment was measured by a thermocouple with 8ccuracy of'

0.0050 and did not exceed 1.5 . The result of every experiment corresponding t, a

defiIte initial temperature of the thermostat was the usual calorimetric curvw:

temperature - time.

"The investigated substance was placed in a soldered glass ampule with an

internal pocket fcr a heater. The application of glass ampule is explained by the

specific character of the behavior of the investigated heat capacities of solid

bodies. Nevei theless, the more significant endothermic effects accompanying pha!;e

transition4 irn our instrument could be measured sufficiently reliably.

The preparation of WCI 6 investigated by us was prepared by a known method [4J

and contained not more than 0.2% impurities. A preparation of TaC 5 , containing

rIot more than 0.03% impnrities. was kindly given to 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" KNO3 was used for

calibration. It was subjected to special purification and was heated for a lonc
time in a vacuum to remove traces of moisture.

The results of experiments on WC1 6 and

iTaCI5 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

one can distinctly see the anomalous heat capacity

in the a-P region of transition of WCI 6 and durinr

Fig. I. fusion of WC1 6 and TaCl5' It is obvious that

the areas limited from one side by the line of anomalous heat capacity and from

other by the continuation of smooth movement of curve have to give an absolute

value D" the heat of phase transitions in calories. Inasmuch as the error of

-xperimental magnitudes in the region corresponding to a peak is sufficiently large,

obtain morc, exact data it is necessary to introduce a correction according to

,he melting heat of the calibration substance (the curve for i.103 is not given on

tiY graph).

The heats of transition obtained by the above-described method are given in

-l11C -
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Investigated substance Character of Beat of transitions
Itransitilon ~t~u M Life rar-yW'iia-

WCl a 5.5 5.6 [4]

WC6. . . . .. . . . fusion 4.P 2.8 [14)

TaC1 fusion 8.6 8.4 [5]TC5

the table. The table also contains a comparison with magnitudes known from the

literature.

As already noted, the question about the interval of temperatures in which an

anomalous heat capacity is observed 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 temperature.

At the moment of supply of thermuvl impulse the heater brings the Jrjers of substance

nearest t.? it to higher temperatitres compared with the external layers.

Consequently, the initial temperature uf the mentioned interval should correspond

to the state when the temperature of layer of substance near the heater becomes

equal to the temperature of transition. The fixed temperature of the external

surface of ampule can be much lower. With such a situation a small portion of

thermal impulse will be absorbed as a result of transformation of part o;' the

-bstance in the sample. With subsequent increase of experimental temperature

a larger and larger share of the substance will experience tiansformation, wnich I
will cause an even more significant aosorption of heat &nd corresponding lowering

of temperature in main period of the experiment. Such a position and will seem

like a growth of anomalous heat capacity. The summit of the peak in Fig. I

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 •.J

almost full transformation of all the investigated sample.

It is necessary to note that in the short time of the main transition

( 3 0-4.O sec) in spite of the unbalanced conditions, the portion of the substar.ce

subjected to transformation could not return to the initial state. Therefore,

the process of reverse transition (in particular, crystallization) accompanied by

liberation of heat occurred in the final period. This 14rcumstance can be

confirmed by the difference in the rate of cooling ot•alorimeter in the region of

anomalous heat capacity and outside of it. Figure 2 giug the cooling constant of

-117-
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the calorimeter in arbitrary units denending upon the experimental temperature. We

see that in the region of phase transition the cooling constant sharply drops,

which corresponds to an anomalous rate of cooling of the calorimeter in the final

period due tc, a delay in the process of heat liberation.

* •The above-stated considerations indicate that

.nomaly of heat capacity near the phase transition may

be basically attributed to the peculiarities of thermal

balance of the instrument.

It seems to us that this circumstance afrecting

the interval of phase transition pertains not only to

Fig. 2. 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 1000. In certain cases i shift of

temperatures of the interval of phase transition occurs during heating and cooling

[7]. Here the appearance uf the interval of transition can also be partially

explained by the peculiarities of thermal balance of the calorimeter. Actually,

with a continuous supply of heat the appearance of temperature gradients,

especially for the presence of two phases, is inevitable. Nonetheless, it is

necessary to indicate that in spite of this the heat of phase transitions measured

in such a way turns out to be correct. The fact is that the energy content

leading to full transformation of the substance obviously, uill 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 appraisal of the temperature gradient in the calorimeter

during transition from a single-phase to a two-phase region can be gotten from

the magnitude of temperature transfer a. As is knor. a - I/d.C, where ý is the

thermal conduction of the substance, C is the specific heat capacity and d the

specific gravity.

Let us assume that 10% of a certain substance passed into a high-temperature

",-rm and the heat of transition is equal to 20 kal/g. We can assume that : and d

change not very strongly. However, in the case of formation of a new phase the

magnitude a, besides heat capacity, will also include &H, the r ithalpy 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

-1 lb -



correspond to a decrease of temperature transfer a also by 10 times.

The method of measuring heat capacity by periodic heating with an adiabatic

shell should give a minimum drop of temperatures. Actually, sometimes the heat

capacities measured by this method in region of fusion in general do give no

anomaly or "region of trasidition' [8]. In other a cases sharp rise of heat

capacity in the region of fusion is nevertheless observed [9].

An analysis of the thermal balance in a calorimeter of pulse heating with

adiabatic shell showed that, as the boundary of phase transformation moves further

from the heater and the thermometer, a temperature gradient can appear in the

investigated sample. When there are two phases in the calorimeter the final period

of the calorimetric experiment turns out to be distorted, which naturally leads

to increased data on heat capacity. In our opinion, this circumstance can also

be one of the possible causes of anomalies of heat capacities.

In conclusion it is necessary to note that it is impossible to doubt the

objectiveness of the existence of an interval of transition and an anomalous

increase of heat capacity. However it is 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 is accompanied by a comparatively large energy effect.

The authors express deep gratitude to Prof. S. A. Shchukarev and Associate

Professor G. I. Novikov for their attention and valuable indications.
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ELECTROKINETIC PROPERTIES OF DEPOSITS OF COPPER Fl ROCYANIDE
OBTAINED IN DIFFERENT CONDITIONS

I. F. Karpova, V. N. Smirnova, and T. A. Fridrikhsberg

An investigation of the colloidal-chemical properties of ferrocyani4es [FTs]

(U) of copper and other metals is of interest in connection with the solution of

a number of problems, e.g., the separation rc heavy metals by the method of froth

flotation of FTs [1], the quantitative determination of metals through FTs

complexes [2], obtaining osmotic semipermeable 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 compositLon of

reacting salts and the ratio their concentrations. An investigation of the

structurally-mechanical properties [4] showed that the anionic composition of the

initial solution strongly affects the magnitude of resistance to shift by copper

FTs ashes.

The physical properties of the obtained ashes and deposits, e.g., their color

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 ions is close to pure copper FTs, wht.cas in a
surplus of potassium ions mixed FTs of potassium and copper are obtain d [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 is complicated by absorption of ions and molecules, which arc 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

deposits, inasmuch as it is impossible completely to control the ratio of reagents

at the moent of formation of the solid phase.

There ane also Indications that the solid phase is not always imiform in

coposItion and, possibly, consists of particles with different charge signs.

Thua, negatively charged copper FTs adsorbs not only cations, but also anions [6]

and coagulates under the effect of both cations and anions (7].

In spite of the complexity of composition and insurficient 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

r-potential of copper FTs by the method of electroosmosis [8] the production

conditions were not considered. In a work [9] studying FTs 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 Icn migrations number.

In this work we investigate the mangitude of C-potential and surface

conlIuctivity of dried deposits of copper FTs depending upon production conditions.

The influence of compocition 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,

i.e., the potential-determining ions Cu2 + and [Fe(CN) 6 1

2) the influence of the copper salt anion, not entering into the regular'

cot~osition of the solid phase..

To st,•yd the influence of a surplus the deposits were prepared by different

methods. A surplus of [Fe( CN)6 ] was attained by pouring a solution of copper saut

into a solution of K [?e(CN) 6 ) of equivalent (type A) or higher coacertr.tion

(type AA). Deposition in surplus of Cu2 was attained by changing the order of

Pourlig 'type B) and also by increasing the concentration of C',2+ (type BB).

"WVe did not exclude the possibility of it entering the aolid phase in the form
of some other inclusion.



To study the anion influence the following copper salts were selected: CuS04,

CuCl 2, Cu(CH3CO0) 2, and Cu(NO3) 2 . 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 filtered on a Buchner funnel and washed to the absence

of the surplus ions in the filtrate, after which it was dried at 70 0 C to a constant

weight.

In a surplus of [Fe(CN) 6 ] we frequently obtained highly dispersed suspensions,

in such cases the dispersed phase was separated on a sharpless supercentrifuge.

The C-potential on dried deposits (powders) was measured in solutions of KCl,

HC1, and CuCl 2 . In the first case we studied powders preliminarily treated by

a 0.2 n solution of KC1 (i.e., in K+ form), and also untreated powders; the

obtained data almost did not differ, inasmuch as deposition occurred in a medium

rich in potassium ions. Measurements in HCl solutions were connected on powders

preliminarily treated with a 0.05 n solution of HCl.

The C-potential was determined by the method of flux potential with correction

for surface conductivity [10, 11] in a 0.00 n solutions, and also by the method

of electrophoresis in 0.01 n solutions in the Chaykovskiy instrument.

The data obtained for different samples of one type differ from each other

significantly more thie. for separate portions of one sample. An examplc of

reproducibility of data is given
Table 1. Data of Parallel Measurements of ,
C-Potential (Millivolt) in 0.01 n HCl In Table 1.
(Electrophoresis) The average (per sample)

?yp 'a values of C-potential are given

A J I -?A in Table 2 (electrophoresis) and

""able 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 methods

of measuring and insufficient reproducibility of samples, allows us to make tne

following conclusions:

1. The magnitude of C-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 4

r on c has a normal character.

.it
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Table 2. Magnitude of C-Potential According to the
Method of Electrophoresis in 0.01 N Solutions of KCI
and HU

4A ----
:IIIA

Table 3. Magnitude of C-Potential According to the
Method of Flux Potential in 0.001 N Solutions of F1l
and HCl (Concentration, the Same as in Table 2)

""Z. J - - - i- m- -' -m

+sf +-V +70A -&s -P.4 -' I

2. The values of C-potential in solutions of KCl and HCl differ little from

each other. Thus, the durability of the bond of antions H+ and K+ with negatively

charged surface is of one order, which is characteristical for ionites of the

strong-acid type.

3. In a surplus of CiuaOS and CuCl 2 positively charged powders are obtained.

Till now we did not encounter indications of the existance of copper FTs with

.ersitive charge In the literature.

4. The Influence of the copper salt anion is expressed s strongly that it

suppresses the influence of a surplus of the potential-deteraining ion, Cu2+

In accordance with point 4 the investigated powders can be divided Into 2

grcps. Deposits obtained from copper sulfate and chloride reveal a change In th•

sign of chargt, in aecoriance with the 14aneth-FaJans rule, whereas copper asetftt.

and nitrate form negatively charged deposits with a stabile ma~g-ttudr of "-

potential, almost Independent of the ratio of concentrativns of reacting Ionts.

For a check we obtained deposits at a ratio

~:P'W (JrmSI trd 10:1.

the (-potential of these powders remained negativc and close to ttt values riv.-n

in Table 3 for type B5.



a)

WI , .W

S*•• l It

Dependence of magniitudes Cmnd aon concentration

Cu(NO 3)2 (b).

Thus, excess Cu2+ ions either are not adsorbed on these powders In general,

or after adsorption they depart from true surface in process of washing, drying

(the effect of 02 + CO.) or the Influence of the electrolyte. To analyze these

asaurnptions we conducted experiments on Lessuring t-potential in solutions of

For this different portions or one oample were processed (for several days'

by solutions of Cu~l. + KCl taken In various ratios, but at identical total

.ýoncentration 1i molar eqv/liter). The data an tý-potentiiLl (flux potential) and

surface :'onductivlty In these solutions are shown in the fljure for powders of the

PA'A ty~w obtained from sulfate (a) and nitrate' or copper (b)."

An anacysis ;., curves ,-c shows that a change of charge aign, and copsequf rt1:

11s0 of 2+ions adsorption occurs for thie powder obtained from nitrate, just as S

for the sulfate. Thus, the difference of properties noted above is apparently

:ausis., by trw smaller sts.!)Ility of the Cu Ion on surface of dero-ckIts otat.1twJ

1'rcu nitrate and acetate.

'Analogous zurves we"e alou obtained for copper acetate.

QI "
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The character of C-c curves is like curves obtained for typical ionic crystals,

e.g., B"O wad AgI [10].

On curves of the dependence of coefficient of effectiveness [ii] on c is

obserryG minimum in region of the isoelectrical point. For powders obtained from

Cu(NO 3) 2 the surface conductivity Xs a (a - I)xv disappears completely at this

point (a a 1, %t - 0) analogous to that revealed in experiments with adsorption of

organic ions [12]. owever, for powders obtained from CuSO• the surface

conductivity does not disappear (a > 1). Apparently, this testifies to

heterogeneity of the poiader; in other words, at the isoelectrical point part of

the particles (or sections of the surface) possesses negative C-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

of 'Ts.

The conducted investigation shows that the influence of an anio:. of the initial

copper salt is not limited by the degree of dispersiveness or structure of the

deposit, but changes the nature of surface layer, since powders ubtained in P_ Cu2 +

surplus (types B and BB) are distinguished not only in magnitude, but also in

sign of C-potential.

Conc lus ions

1. Copper ferrocyanide powders obtained in K [Fe(CN) 6 ] surplus are negatively

ýhargwd in rolutior&s of KCI and HC1.

'. The cnarge of powders obtained in a Cu&+ surplus depends on the anion of
-he initial copper salt. From CuSO4 and Cud 2 posltivei&, .nd from Cu(NO) 2 and

Ca(CH COO) 2 ntgatively charged powders a&- obtained.

I. u ý_i'tio'is of CuCl 2 all the powders studied are chargeJ positively.

4. Surface conductivity attains a minimau at the isoelectrical point.

If E 4 WM Is so ad "M NOHNM

- "- Mof -t Go seww so 1 1 a
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SEPARATING AND IDENTIFYING REACTION PRODUCTS OF DEEP SPLITTING

OF GERMANIUM BY FAST PROTONS'

A. N. Murin, S. B. Tomilov, and I. A. Yutlandov

One of the basic peculiarities of the reaction of deep splitting is wide

distribution of products in A and Z. Therefore, in an investigation of similar

processes one encounters very complicated mixed radio eleaents. As a rule, several

radioactive isotopes will be formed for each element, which substantically hampers

their identification and control of radiochemical cleanness.

In most published works to separate the reaction products of deep splitting

the method of isotopic carriers was used; its only ccndition of applicability is

the presence of full and sufficiently fast exchange of the isotopic carrier between

radioactive atoms and stable atoms. A deficiency of this method is the duration

and presence of great quantities of carriers.

To separate the reaction products of deep splitting of germaniun we applied

the method of ion-exchange chromatography. This method is sufficiently fast ,,nd

! w." us to obtain carrier-free radioactive preparations, which in a numl

... is very significant. We separate radioactive isotopes of following elements:

As, Ga, Zm, Cu, Ni, Co, Fe, Mn, Cr, V, Ti, Sc, and K.

Ion-exchange separation of certain combinations of grou~s of eleme.,ts of

interest to us is described In wcrks [i-10). The chromatographic columns and

technology of separation we used do not differ from those offered by B. K.

preobrazhenskly to separate carrier-free radioactive elements [8].

'Work wa., accomplished in 1959.
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Exverimental Part

A target 8 x i x i aMM3 was prepared from metallic germanium of brand ["GD']

(nrA"•). Irradiation was produced on an Internal bundle of a [OIYal] (0i4¶)

Joint Institute for Nuclear Research synchrocyclotron by protons with energy of

660 MNv for 15-30 minutes. Separation of the products of splitting germanium was

{I executed on Dowex-1 x 10-12 anionite (or [AV-17] (AB-17)) and Dowex-50 x 8 cationite

(or [KU-2] (HY-2)). The dimensions of resin grains is '-40 4. 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, paesed 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 w*A measured.

Separation was conducýted in the following way. The irradiated target was

dassolved in aqua regia. Quadruple distillation by boiling the solution with

concentrated hydrochloric acid ensured full distillation of germanium tetrachloride

. -j I1-15]. The fullness of distillation was controlled by a colored reaction with

phenyl fluorone '161. The germanium tetrachloride was gathered in ice water. The

acidity )f the obtained solution was brought to 6 N on H2S04, after which germanium

was precipitated in the form of a sulfide by hydrogen sulfide.

In experiments, which yielded arsenic during distillation of germanium

tetrachlorlde a small concentration of HNO was supported in the solution to hold
3

the arsenic 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 aeiiunite in the C1 2 form. The walls of the

column were washed several times with concentrated HC1, after which elutriation

with hydrochloric acid, whose concentration was changed in process of separation

as shown on diagram i, started. As can be seen from the diagram, during the first

transmission of initial mixture through athionite fractions of Ti, Co, Cu, and Zn

quantitatively separate.

For good separation of Cu and Co it is necessary to apply COur, not less than

o cm long. The groups of elements, Cr, Ni, V, and K and Mn, Sc, and As emerge from

tnc column at i2 IL HCl in pairs, not quite clearly divided, with peaks. The

activity of intermediate drops is caused by isotopes of vanadium. Therefore it is
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rnecoasary to purify the grou.p of elements mn, Sc and As from lupuriLies cf V by

repeated transmission through anionite in the same conditions. Separation of Cr,

Hi, V, and K was produced on cationite. For this the gathered drops were steamed,

! dissolved in two drops of I N HC1 and applied on column with Dowex-50. Further

there are two possible variants of separation: a) during transmission through

the colvm of I N HC1 chromium emerges already In the first free volume. After

SI I transmisuion of 10 free volumes of I N HCl the concentration of the acid was

increased to 1.5 j. With this V and K quantitatively were separated from Ni not

I "separated from each other; b) if elutriation is started with 1.5 A HCl, Cr and V

manage to quantitatively divide. The separation of Ni and K, although not fully

quantitative, can be carried out on cationite with the help of 4 N HC1. The

activity of the intermediate drops in this case is caused by isotopes of Ni.
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Fe and Ga, outgoing from Lnionite in one peak, can be quantitatively stw'A,",*t-d

irto cationite with th-- help of '.5 N HCI. Mn, Sc and As are divided into anriit-.
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Zu" During elutriation with 8 N `Cl no+ fully

quantitative separation of ic from Mn and As occurs.Za
Mn and As are quantitatively separated with the

help of 6.5 N HCi.

To identify the sep,.rated isotopes and check

their radiochemical clf&nness their half-life

was measured onf a [B-']1 (B-2) instrument supplied

with an end-window counter of the [MST-17] (MCT-i7)
k. typc siid their I-epectra were measured on a

)-sperctrum of zinc fraction, scintillation 1-spectromcter with a NaI (TI)

crystal and [AMA-3s] (AMA-3c) multichannel

analyzer. The half-life was determined in this case ty the decrease in intensity

of characteristic )-lines. However, the complexity of isotope composition of

separated fractions frequently made decipheriag the I-spectra very difficult.

To avoid possible errors, on the basis [1W, 13, 14, 17-31] a diagram of separating

the products of splitting germanium by the Tithod of isotopic carriers (see

diagram 2') was developed. The coincidLncE of I-spectra of fractions of one and

the same element separated by two different methods and simultaneous coincidence

of the obtained data with tabular are convincing proof of the radiochemical

cleanness of preparations. The table gives the isotopes identified by us. All

preparations, except for chromatographically separated Fe containing an unidentifieu

impurity, were radiochemically pure. In Lhe )-spectrvm of Zn fractions (separated

by both the method of isotopic carriers and also chromatographically) a

previously unknown )-line was revealed with energy of 145 key (figure)

disintegrating with half-life of -49 hours, which was ascribed by us to the Zn 7 2

isotope.

In conclusion authors express their deep gratitude to V. N. Pokrovskly and 1.

Yu. Levenberg, with whose direct participation the )-spectrometric part of the

work was accomplished.

Conc lusioris

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.

• |



411z

we separated 13 fractions of elements, In which 34 radioACtt,"p ipotopes wore

Identified (see table).

2. A diagram of separation of these elements by the method of ion-exchange

chromtography was developed.

3. In the I-spectrum of Zn72 a new )-line was revealed with energy of 145 key

(see table and figure).
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I.

THERMODYNIAMIC INVESTIGATION OF SOLID SOLUTIONS IN A
NMCI - CCl - CdCl 2 SYSTEM AT TEMPRATURES

OF 540, 580, 623°C

M. M. Shul'ts and I. X. Bushueva
III. Thermodynamic Properties of Solid Solutions'

In the system we Investigated as show In [1), three-component solid solutionb,

NaCl - KCl - CdCl 2 are formed; at a temperature -600°C they endure stratification,

forming two fields of crystallization of solid solutions: L a&A 0 (see Fig. I of

this artiele I.

The &in of this work is to

obtain the thermodynamic

characteristics of these solld

solutions in the temperature

interval ofT 54O-o230 C (i.e.,

lower and higher than the

critical temperature 3f
Fig. I. Diagraa of soliduses and fields of
:.-ystallzation of solid solutions. LbL' Is stratificaton). To solve this
"ihe length of liquidus curve at 54 0 OC; K' is
the critical temperature of stratification problem we used the wathod of
of triple soll solutions •'-O0°CI; K is the:rlt cal temperature of binary solid solutions the third component (2], proposirif
,502 C); I sare binodals of two-phase
equilibrium of solid solutions; 2 is the not a direct study of solid
:ritlal curve.

solutions, but an isothermal

*'quillbrium analysls: melt - solic' solution. On the basis of experimentally

"& &r.-11 were published in the Herald of LGU. No. 22. 196'.
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* obtailed compositions of equilibrium phases and activity of one of the components

in the melt (third component, in given system, CdCl 2 ) we calculated the activity1 of ecuponents of solid solutions. All experimental results necessary for calculation

by this methods are given in our preceding works (1, 3]. Because of the specific

character of the applied method we could obtain data only for solid solutions whose

composettio corresponds to isotherms of the surface of solidus line. Isotherms

of solidus line are represented in Fig. 1; curves S -S (5400), S2 - S; (5800)'
. ! 23 -- (6230). Before discussing the thermcdynaaic properties of solid solutions

it is expedient to describe certain peculiarities of the slope of curves of

solidus line. As can be noted, all investigated solid solutions contain comparitively

little cadmium chloride (15 solar %); therefore the solidus lines incline to the

NaCl - KC1 side. The muximum content of cadmium chloride was apportioned to

4aCl- CdCl 2 solid solutions, i.e., the ends of the curves of solidus line rise tohaiJ

NaCl - CdCl 2 (points SI' S2 and S, correspond to 3.2; 2.6; 2.3 molar % of CdCl 2

respectively). All curves are curved towards Na&C1 - KC1; i.e., the molar share of

CdCl 2 on then passes through a minimum (points mi, m2, and m3). At 540 and 5800 a

break in miscibility of components of solid solutions Is observed (sections a1 -
I I S

a 2 - 2 on curves 2I - Si. S2 - S 2 respectively). It is necessary to indicate that

the break In miscibility of components of triple solid solutions, in spite of the

minute content of CdCl 2 in these solutions, is observed considerably higher than for

tinary solid solutions of MaCl - KCl. For triple solid solutions the critical

temperature is -4000 C; for binary it is 5020 C [9].

Thus, upon introduction of comparatively small additions of CdC 2 in solid

solutions of NaC1 - KCI the temperaturt of the start of disintegration of solid

solutions is Increased by approximately 100°C, wich can testify to a considerable

change in the thermdynamic properties during formation of three-component

sciutiono. This is confirmed by the thermodynamic data given below.

The activities of components of solid solutions were calculated accordin4 to

the following forvulas:

4W.. - ýa



wher• x are mol!r snares; a(4J is activity of components (sub i designates:

I - NaCl; 2 - KCl; - CdCl 2 ; super (k) marks the phase; I - solid solution; 2 -

melt).

In calculating the activities of components of solid solutions, and als other

thermodynamic functions i Sg ) as standard (or initi.nl) states pure solid

substances of NaCl, KCI and CdCl 2 were accepted at temperatures of 540, 580 and

623°C. Equations (1) and (2) were integrated from values of variables for bLiaxy

systems of NaCl -- CdCI 2 (during calculation of an') or K•I - Cddl2 (for calculation

of a(')) to values of variables corresponding to a three-component system. In

equations (i) and (2) on the left in the denominator the asterisks designatc

activity of NraCl (4i)*) and KCl (a~i)) relative to the solid phases, which are in

eýquilibrium with binary melt NaCl - CdCl 2 and KCl - CdCl 2. However, from binary

saturated melts NaCl - CdCl 2 and KCI - CdCl 2 not their pure components NaCI and 1(1,

but their solid solutions with CdCI 2 including comparatively small quantities of the

latter, crystallize. Therefore in calculating the artivities-aS1) and all)' couldal 2
not be equated to unity as in othcr ca~cs 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 KC1 in the appropriate binary solid solutions, being in

equilibrium with binary melts (4w-4" and •'M4 . With the above-indicated

selection of the standard state, pure solid substances, further thermodynamic

calculation fur components NPCa1 and KCI did not caurie difficulties, since at the

shown test temperatures these substances are solids. Calculating the act.1vitle6

of CdCl with analogous selection of standard state was rather difficult, since

at the test temperatures of 580 and 623°C this component is liquid

(ttZ CdCI 2 - 5b•5°". At a temperature of 54 0 °C, lying lower than temperature of

fslozi cf cadmium chloride cadmium, it is possible to directly take as the standard

stpt- r'or CdCI? pure solid CdC1 2 for both the liquid and also the solid solution.

! t t•,ls case according to the obtained values of en! of the element

t•., •tI'•.~t• of CdC 'A- n liquid and solid phases can be talculated by the equation

w.-!re F' C is th-e emf of the element containing a melt as electrolyte In equlibr!um

p- jrc scilid cal-lum -hlorlde; F pertains 'o ary melt inclu.L-.g tI.e melt in

*!1



equilibrium with the solid solution [5). At temperatures of 580 and 623 0 C E0 In

equation (3) pertains to pure liquid CdCI 2 ; therefore at these temperatures a

correction was introduced in values of CdC1 2 activity to obtain data pertaining to

the selected standard state, solid CdC1 2 at 5800 and 6230 (hypothetical state).

This correction, which was considered as the difference of chemical potentials of

so'id and liquid CdCl 2 at the appropriate temperatures, was calculated by the

equetion

where &0S is the difference of entropy of CdCl 2 in liquid and solid states, which

does not very sharply change with temperature, therefore we took itr constant

and equal value, corresponding to the temperaturp of fusion [6]

With this approximation the correction Au at temperatures of 580 and 6230 C is3
-76 and -347 cal respectively.

The values of activities calculated by formulas (i)-(4) and corresponding

coefficients of activities (lI) Mv for different temperatures are represented

In Tables i (540 0 C); 2 (580 0 C): 3 (62300) and the activities of all three

components &-. a function of the composition of the clid solution ) are

shown in Fig. 2. The components NaCl and KCI, Ls can be seen on the figure, reveal

pitive deflections from the ideal at all temperatures. On the activity curves

at 540 and 5800 regions of break in miscibility of components of solid soiutions

(dotted lines) are visible. At 6230 C the activity curves of all components have

', 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-

component gystem the appcerance of horizontal tangent to the activity curve of a

,q'-en component at approach to the critical point is observed in the section

-oi responding to a constant ratio of molar fractions of the other two components

0 and A 4 (5)
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•or NaCl and KCl respectively. We

"conEidered the slope of activity curves

4 -j !ccording to isotherms of solidus line.

Hoýwever, they do not deviate very

qw strongly from the corresponding secant.

It is interesting to note the certain

90 pecuiliarities of the dependence of activity

of NaC1 on composition. On the activity

* curves of sodium chloride at all

temperatures an exTremum (swing) ia

observed when - - , i.e., the

composition of the solid phase corrcsPoi is

to a node which coincides with the sccazit

outgoing from summit of NaCI [2]. Or

activity curves of CdC1 2 at 6230C there

is an extremum corresponding to a nninimum

of CdCl 2 activity, when I- TIe

S- insignificant increase of NaCl activity

observed in the region of small addltior
Fig. 2. Dependenc2 of activities of

NaC a KCl (a(i) and of KC1i can be explained by the folk. ,.

1 2With increase of KC1 concentration ir tli
CdCl 2 (a3 1 )) on composition of solid

solutions ard temperature. I- 540, solid soluL-ons the CdClo uecrea'>,s yt

2 - 9&o, 5 - o230C.
comparatively small 2hangc of' NaCt

concentration), a6 can be seen from the slope of tht solidus in the correesor ",

re-iun of the composition (see Fig. 1). We can assume that in structure of '

soli[tioo first of all K+ ions replace Cd2+ ions; with this tii. . .

defects in cation lattice points should decrease. This probably lerids to c( ri.,

A. at•.io ' Lite bond of Na+ ions in the structure and to a cor' apon,,1iL.g ii'r '

ot Na.C1 -itivity. Actually, w.th decrease of concentw:'-tion of defects th,

shieldinig of charge of Na+ ions by cation encifcl.emcnt will be ;ncreased. l.hI i. Y,

corsidera lt ;,art of the Cd 2 + ions are re,,raced by K+ ions further trcr

C .o!LtO," . it: 'I.t solid pt'tse is ec'ot!qVu:ttd bz P c-o'rtespondi, , . , ,

-.
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concentration and u aecrease 0l i•s activity. As can be seen from Fig. 2, on the

Rctivity curves of KCI 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

solid phase. However, this has to affect the behavior of the other component, NaCl,

i.e., and for it there should be a region of negative deflection, which in reality

is not observed. Such "anomalous behavior of potassium chloride most probably is

combined not with an increase in the strength of the KCl bond, but is determined

by a very short increase of NaCl activity, which according to the correlation of

activity by the Gibbs-Duhem equatio2 hould lead to a sharp drop of activity for

KCI (activity of the third component, CdCI 2 , 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 e

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: *1<0. T*s"<O,

AH> T&Sm, therefore &000>O . We will not discuss these thermodynamic functions

for our investigated system.

According to the data for activities of components we calculated the change

of isobaric potential (30,) and excess values of this function by the equations

u-(6)
AO =R i'ef' 7

*4,,T-.er .. -l (7)

The calculated magnitudes of ,*. -nd As% are represented n Tables 1, 2, and 3

and the values of &*., at 601.5°C are given in Fig. 3. As can be seen from Fig. 3

the curve of &*4 built as a function of composition of solid phase

iias an assigmetrical form. Actually, A*= grows faster with substitution of K±

ions for Na+ ions in the NaCI grid and slower with substitution of Na+ ions for

+ ions in the KCI grid, which can probably be combined witn larger difficulties
+ ~0+

when substituting larger K+ ions (1.33 A) into the grid of smaller Na4 ions (0.98 •)

than whenL snubstituting smaller ions for larger. Calculating the entropy (AS) and

-4



enthalpy (Ai) ni the formed solid solutions

was rather di~ftcult in our case, since we

could not rai'ry tht values of AO at various

temperatu us to the same compositions of

solid solutions. Therefore we found

approximate values for AS based on calculation

* of !•rntropy of formation according to the

* ffc]l-'win~g tc equation;

Fig. 3. Dependence cf WU'0".1". Am,, Ok F. M ) ?I --
in composition of solid solutions -M

(to - 6o±.5 0c). i- WO 2 - ; 1I
3- r,.0 8)

wherfe

4"
4141

and calculation ý,' magnitudes AM, by the equati,

An -A*+ TAS. (9)

The! calculated values of AII.&N. and AS, at 601.5 0 C (mean value of th- temperature

interval, 580-6230 C) ar0 givtr. in Table 4 ana •,. 3.

Tab le 4

45 "M s 1.8 M 11il i I

It is necessary to note the very complicated character of the dependence of

thermodynami. functions or, composition, which si'zvlficaitly aistinguishes the



investigation three-comp.nent solutions of Nael - KCl - CdCl 2 from the studied

earlier binary solid solutions of NaCJ - KC1 (In spite of the comparatively small

concentrations of' CdC1 2, up to 5 molar %). To compare the properties three-

component solid solutions with binary solutions of NaCi - KCl Fig. 4 gives the WAlv

of binary solid solutions. It is possible to note a small scattering in the

magnitudes of AH•f for NaCl - KCl binary solid solutions for the same compositions

of solid solutions 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

samples were prepared by homogenization and annealing of solid 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 Affft of solid

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

solutions of NaCl - KC1 which are formed at 6300 C with an endothermic effect.

Our data pertain to the formation of triple solid solutions of NaCl - KCl - CdCl 2

at 601°C, but with an exothermic effect. t
Ca Besides the experimental data on heats of

formation of solid solutions, above considered,

Fig. 4 also represents the results of theoretical

calculation of heats of formation of binary

solid solutions obtained in examining a

4Aataofrk definite model of the formation of solid solution

of halides of alkaline metals (ii-13]. There

are calculated data of Wasastjerna and Hovi,

obtained assuming free distribution of ions in

molar' • • solution, and corresponding magnitudes fur

.solutions in which local order in distributionrig. . Dependencýe of AN"of

binary solid solutions of of ions is assumed. It is possible to note that
NaCI - KCI on composition.

the data Barret and Wallace are nearer to the

-14() -
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magnitudes of heats of formation obtained assuming the existence of a partially

ordered solution ("local order"). However, the calculated values are higher than

entropy of an Ideal solution, whereas for existence of local order in solution there

bare to be negative deflections from the ideal (according to the theory of

WVastjerna). Such high values of entropy of formation of NaCi - 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
SI

formation of the solid solution. Comparing the data of pyonometeric and X-ray

densities for these solid solutions showed that in the studied solid solutions

the number of Schottky defects is very great (up to 1%). In theoretical calculations

of entropy of formation of solid solution with a grid having Schottky 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 is useful to discuss our results being based on certain general assumptiors.

As follows from the diagram of the state of the investigated system and with even

greater definitiveness from the data [1] and above nentioned dependencies of

* activities on composition of solutions, the third component evokes stratification

of solid solutions and increases the critical temperature of stratification.

Still 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 basis of thermodynamic consideration of the problem. In

particular, Prigogin and Defay, f"51 on the basis of general positions of

thermodynamics and the theory of regular solutions showed that the third component

increases the critical temperature of stratification if it is much better dissolved

in one of the components of the system than in the other. In this case ( )>o,

aT comparable solubility (ff)4-k They affirmed and illustrated a series of

examp les of the generality of this position. In our investigated system the above--

indicated regularities are confirmed, CdCl 2 will dissolve better NaCl (x ( ) - 0.030)

than in KCl - 0.00T; an increase in tnO temperature of stratification of solid

solutions is observed. In the recently carried out work of A. I. Rusanov [16) fur

a phenol - water system it Is shown that upon introduction of a third component,



isopropyl alcohol, more strongly interacting with water than with phenol, an increase

of the zritical temperature is 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 system too.

In accordance with the general assumptions of the effect of the third component

on stability of binary solutions it is possible to consider that introducing

CdCl 2 into a NaCl - KC1 structure leads to the establishment of "local" order,

since due to predominant interactions of CdCl 2 - NaCl and CdCl 2 - KC1 the

appropriate quasicomplexes are formed in the structure. (In this connection one

should note that analogous compounds are formed in binary systems Cd:Na, 1:2;

Cd:K, 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

cumponent of entropy, but the oscillatory component play a 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 £HM are both the component of AH., correspondiU•

to complexes 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 iomponent (CdCl 2 ) has on the properties of solid solution.

-.ci. .s ,. a' . s..,
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AIPEROMETRIC TITRATING CERTAIN CATIONS BY TRILON B WITH
REVOLVING MICROPLATINUN ELECTRODES

L. S. Reyshakhrit, M. P. Pustoshkina, and
Z. 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 [I].

Applying compnexones, in particular trilon B, in amperometric titrating usBs

a revolving microelectrode [i, 2, 3].

This work attempts, using trilon B as a reagent, to conduct amperometric

titratinS3 witi revolving microplatinum electrode of Sr2, Ca2 , Mg, Cu2 , and

INI salts and also molybdates, tungstenates and chromates.

Methoa. Measurements were conducted on the usual polarographic installatiL.u

with revolving microplatinum anode at given values of electrode potential and

temperature. All readings of current and electrode potential were conducted

visual1J. Current was fixed by a galvanometer vitn accuracy of !0.01 ,,icrosmper,-s;

potentiai difference was fixed by a voltmeter with accuracy of t2 millivolt,-, tht

sp~te! if rotation of electrode was measured by a tachometer. All values of

ptt-n-.:i. relate to .k calomel electrode with saturated solution of U-I at 2G :.

Tht el t'lytic cell was open with capacity of 150 ml. Electrodes were of two

" .':z5; ; platinum wire um lz•rg soldered in a .lass tube; b: a platinum dIsk

w". ) f .i¶ cM' scllIered in a glass tube.

Results of experiments and their discussion. In using trilo-. ? as a ragr-r.t

A" na f ,,:.essary "¢ rrel!zinarily reaovt- polarizaticr curves of 0rncdic ýxldatlcn

of arc[rn "- a revolvin.o Jisk I- "rn•%pir.ur, srz-des in .urpius of Inert

-. - _
'...

-.-



#L.electrolyten (a) 0.1 N NH 4NO 3 + NH 40H pH of the

solution 8.2-10; bý I N KNO pH of the solution

"•.7; c) I !_ K3O• + Hlo, pH of the solution 4-5)

at different speeds of electrode rotation and different

concentrations of trilon B. On the basis of the

obtained experimental data it was established 11 t

Fig. 1. Polarization trilon B, oxidizing on the platinum electrode, gives
cureves of oxidation of
trilmn B on a revolving polarization curves with a clearly expressed region
electrode. Background,
1.0 •_ •0 t - • of liMting current, which starts at potential of

Is 880 . 1. i-5.1o05; 0.7 v in a solution of I _ KNO 3 and at 0.85 v in an
-'10 ; . amn"iumo background (Fig. 1). Obtaining of well

2 -10-4 g-ole/liter of
,.rilon B. reproducible polarization curves with clear site of

limiting current is attained only upon heat treatment of the electrode in flame of

a burner before every experimesA. V. L. Kuuwjev ana F. F. 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 experimnt they insufficiently thoroughly purified the electrode
surface.

s ura Fie . 2 it follows that the magnitude of

limiting current is directly proportional to the square

root of the speed of rotation of the disk electrode.

1 This allow us to consider that for a rate of the

process of Anodic oxidation of trilon B it is possible

Fi 4 . 2. Dependence of to apply V. 3. Lavich's equation of convection diffusion
limiting current or

0. 6-.-9 for a revolving disk electrode [(]. The obtain.a

-ole/�iiter; m - 25 0 C, experimental data (Figs. I and 2) allow us tc -sake
bac~drou•nd - 1.) N •3- - the conclusion that the rate of ajodilc oxlhdstlor of

trittm B is !iWited by 1-. diffusion to the electrode at potentials 14rgcr thar.

+ .7 '. 1ht otse.-ved linear dependence between trilon B concentration 1;, the

z.ut tIon ud :faltrng current In tr* interval of potentiala from +"2.7 to +;.q v

,Fig. 5' slows us to atply trilon B as a reagent "r. amerometric titrat•ir•.

The titratIng cf certain £ms ty trilon B in tVree inert electro~ltes

. a) oc.0c. nliae,,d:

a} on,, b.• ,kgro.4 cf 0.1 I .R HQIC3 iH of the o ...... , &.2-10', at "iectrc~de



A 4a 16 ipotential of +0.84 v; the speed

of its rotation was eqial to 700

rpm and t was 200r; the cations

&, tt*n. P were Sr 2+, Ca2 +, and 2+

b) on a backgroumd of

Fig. 4. Curve of 0.2 N KNO3 (pH of the solutionamperometric3

Fig. 3. Dependence titrating of a -5.7) at electrode potential ofof limiting current on solutin by trilon
trilon B conctration. B. Background - +0.85 v; the speed of itsBackground I N KNO 0.2 N KNO0; y-*n v;t -25C; -880 3~; 3;l0.1N NS• rotation was 880 rp~m and t was

trilon B 0.01 m; 20°C, the cations were Cu+, Ni2+,t - 20°C.2--
WO•'. and CrO -.

c) a solution o0' H7r[P(o 2 07 )6 ] on a background of 0.2 N KNO3+HCl (pH of

the solution, 4-5) at electrode potential of s0.85 v and temperature of 35-40 0 C.

Table 1. Amperoetric Titr&ting of a Sr(NO3) 2 Solution
by Trilon B

eror Ine t 14 11L

-s 7.-

.Tab t b. atperoItri Toftn ofTlo by~v a

aswt INAiN j o0c7

MA~ M~u 1 j Ill' "i so*

%1 4 1" 9 0

0.3 1 IIJ as ~^11 IM 4 t to 0*~

41 
IIt V

-Table 2. Amperoetric Tirating o" CuSO, e~nd NIS04
Solutions by Trilon 3

.11
.33

lab le 'k. Amperoetric Tirating of Trilon R by
S-ol-t~ion cf H.fP 1 No 'Y17 ]

No a
to 14



The form of curvet of amperometric titrating is depicted ia Fig. 4.

Satisfactory results were obtained during amperoretric titrating ol' Sr'

2+ : 2 2Cu , ,.i , and Mu2 + salts. The results of experiments are given in Tables 1, 2,

and 3 where the mean v-Jlues from 3-5 determinations ure given. Amperometric

determination does not yield in ac:urac5 to the data of A. I. Busev and Chzhan Fan'

[51, developed for amperomtric titrating of Mo6 • with a mercury drop electrode.

As can be seen from the tabular data the error in, ',he determination is from 1%

to 17%.

The data -n amperometric titrating of Mg2+, Ca2 +, WO2  and CrO" salts did14 4

not give satisfactory result. and require an additional thorougl cnecf.

Conelusions

1. It was determined that oxidation of trilon B on a revolving smooth

-3LintLm anode in solu tons of 0.1 N NH4NO. + N (pH • •-I0) and i N

(pH -5-7) is lit•ited by diffusion at electrode pcternials more positive than +0.7 v

and +0.85 ., respectively.

2. Is shown the possiblity of carr-jing out amperometric titrating with a

micrcniatinum anc 'e of Sr (NO3 )2 solutions on e, background of 0.1 N NH4 NO3 + NH4 O4H

and CuS0 4 , NiSý4, H[P)4o2 07) 6 ] on a background of 0.2 N KNO, with application

of trilon B as tne reagent.

In conclusion we express gratitude to Ya. V. Durdin for valuable council arid

indications.

An lvt-...-,o of the ouridatio p.mus of tryihne B has been carried
wA e r04uag piaum wow In solutioa of 0.1 n NHNOs + NHIOH
(pH = 6.3- 10.0) and I a KNi. -'jSI,,7) at 20VC. The oxidation rate
is ftkalined by dilf•umio at y .entlak amwe W-4tive. than + 0.7 9
and +0-ke• 9 mpec"vely.

Demonairalrd Is the posiblifty of ompi"-metric tltramon with a mic-
1 mro~t~la electrode of Sr(NO.)A solatlons ageinst 0,1 n NH NO ++ NII.H ad t of CuSO,, NISO "I I P (Mo.OT.), -apInst 0. n
KNOwith the con teianW S,, CRI and Mo from 0.25to 70 nX

uagtrylvae Bo Cbais?ý mawyj
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OXIDATION RATE OF COPPER DURING BRIEF HEATING TO
HIGH TEMPERATURES

V. I. Tikhomirov and E. I. Korytkova

In stuaying the oxidation rate of metals and alloys one usually conducts

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

determine the character of the time dependence and magnitude of the oxidation rate

constant. By conducting a series 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 is selected sufficiently great,

so that the period of temperature rise and cooling does not essentially affect thu

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

during brief heating to high temperatures. Placing before ourselves the goal of

investigating the oxidation rate of metals during brief heating to high temperltur ,

we developed a method of determining the basic kinetic parameters accordirg to

experiments on oxidation In conditions of variable temperature.

It is known that oxidation of metals and alloys usuallY, follows either a

logarithmic law, observed mainly during oxidation at comparatively low temperature;..

or a linear or parabolic law. Significantly less often a more complicated

dependence of oxidation rate or. duration cof uxidation is observed.

The linear or parabolic 1!aw of oxidation can be presented in the form of

following equation:

-155-I. ........ ..... -



where q is the quantity of o.:ygen, reacting with metal calculated on I cm2 of

sample surface; T is the time; n is the exponent, equal to one for a linear dependence

and two for a parabolic dependence; k is the rate constant depending on the

temperature of oxidation,

, -- ,; I-- eI), (2)

,were A is a constant, not depending on temperature; E is the activation energy,

T is the temperati.re; R is the gas constant. Putting in equation (i) instead of

k its value from equation (2), we will obtain

Parameters n, A and E can be determined on the basis of carrying out

nonisothermal experiments. Let us assume that three exDeriments differing in

conditions are performed; for these tests it is possible to compose the following

equations;

d 1(f)-A-,. 5

with T - f(-r).

In equations (4)-(6) qI' q2, and q. are determined experimentally. For all

three experiments also the dependence of T on T is also determined experimentally

tholroughout the process.

integrating these equations within limits of change of q from 0 to qx and

from 0 to Tx' we will obtain
ug.AIe-aMA (7)

i,,UIBA ,,e.W,. (8)

Designating the integrals in equations (7), (8) and (9) respectively by

( P2' and 5,, dividing term by term equation (7) by equation (8) and equation

(7) by equation (9), and finally, by logarithmizing the two obtained equations,

we 4ill have

-(10)



One can determine the values of integrals (D and graphically with

the help of the curves of the dependence of e on T, which, in turn, are

constructed on the basis of graphs of the dependence of T on T.

However, the magnitudes of (D €2' and 0 will depend on the values of E

selected during calculation. It is possible to show that in sufficiently narrow

limits of change of E thq dependence of lg D on E can be approximately presented

in the form of a linear equation

2?)

Thus, by determining the values of integrals 01' o2' and 0 for the two given

extreme values of E it is possible for each of these magnitude of 4 to determine

the dependence of lg 0 on E in the form of equation (12). Putting in equations

(10) and (11) instead of lg 41, 1g ¢2' an(, lg 0 the expressions in the form of

equation (12), we will obtain

11 (13)

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 "i, "2` and ¢3 must be

determined not only for extreme values of E of the selected interval, but also for

a series of intermediate values, and the whole solution must be produced by

graphic means.

Certainly, strict application of the described method of determining tho

parameters of the equation of oxidation rate is possible only if the oxidation

follows one regularity (linear or parabolic) in the set experiments. Otherwis, ,:•

will obtain fractional values for the exponent n. However, even in this case this

method can jive valuable information about the oxidation process.

To study the oxidation rate during brief heating to high temperature we

appli,,d the following method (Fig. i). The test sample I in the form of a wire

or tape was pressed between contacts 2. Heating the eample was produced by

electrical current, passed to the sample through a step-down transformer 3 hid

from a network of alternating current. The rate of heating was regulIated by

* I7
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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 wa~s usually produced for several seconds.

4 Temperature of samples was measured during heating by the

Fig. a . Diagam of cinematographic method. The principle of this methodS~an installation for

s~tudying the consists of the following.
oxidation rate of
metals duinr briefheatig on brefAt a distance of 65 cm from the heated sample "Kiev" 7

-• temperature. nmovie camera operating on 16 millimeter film was set up.

The image of the heated sample was focused on the film by means of an "Industar"-50

telephoto lens. Directly in front of the heated sample light filter 8 was

established, absorbing part of the radiation. The light filter was established

so 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). Later

the deneity of blackening of images 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 close ae possible to the edge

of the light filter. A [MF-2] (M-2) microphotometer was used to determine

blackening density. According to the measurements of blackening 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

oft on T.

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

object was determined by a thermocouple or an optical pyrometer, and heating or

cooling was produced by steps, i.e., after every rise or lowering of the temperature



was kept constant for some time, and during this time the temperature of the object

was measured exactly and the sample was photographed. In all calculations of

temperature the difference in radiation of real bodies and an ideal black body was

considered. Since the photographyic width of the film did not allow to construct

one calibration graph embracing a wide range of temperatures, a Light 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 Si. The presence of other elements was not revealed by spectral analysis.

4sl; LA I V* *

9 U e29ga*':.

Fig. 2. Curves of change of temperature during
brief heating of copper aamples. Numeration of
the cuarves coincides with numeration of
experiments 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

-i- -
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was selected so that its center corresponded to the edge of the light filter at

the moment of photographing. The taken segments of wire were weighed or, analytic

scales, processed with diluted hydrochloric acid to dissolve the layer of cinder,

washed in water and alcohol, dried and weighed again. The cinder de.ermI:-,,- by

difference in weight was recalculated for oxygen, considering that it basically

consisted of cuprous oxide. The found weight gain of oxygen was ca>'ulatcd per

unit of sample surface. The experimental results are presented in the table.

Imtl.. al I Un -tefr =yon &/W2

Goeros %u. x.~ia at
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Figure 3 shows the results of experiments in the form of graph in coordinates

of Ig q - lg 0. The scales on the coordinate axes are selected so that a 45O

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 I and 12 (see table), on the basis of which are the curves ill Fig. 3

are conducted, and as the third point select the median point on curves correspond

to Ig q - -3.11, ,s a result of solving this system of equations we will obtain

n - 1.97. This indicates that in experiments from I to 12 inclusive the oxidation

process of copper 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. 3 changes, which corresponds to a

dpcrease of exponent n. For the right side of curves exponent n is on the order

c!' 1.3-1.6. This indicates that in experiments 13, 14, and 15 the parabolic

',w of oxidation is not predominant and a considerable part of the time process

apparently follows the linear law of oxidation. It is nec'essary to note that in

'xperiments 13, 14, and 15, in contrast to all others, oxidation occurs at sotrnwhat



Luwer temperature and the maximum temperature

of oxiastion is 1010, 950 and 9000C respectively.

It is impossible to calculate E from the

data represented in the table with sufficient

accuracy. To determine the activation energy

it is necessary to produce experiments in wide

range of temoerature change. However, all

Fig. 3. Graph of the
dependence of lg q on experiments rpresented in the table are very

Curve I is built for E - 36,00O, close to each other in temperature regime. The
courve II for E - 39,000
cal/mole. maximum temperature of experiments 1-12 L--s

withir, limits of 1020-1070°C. To determine E by equations (13) and (i4) it is

necessary to take a wider range to temperature. The comparatively low fusion

temperature of copper (10813) did not allow us to expand the region of investigated

temperatures.

To compare our data with the literary data witii Uie help of equation (7) &I-d

equations of the type of (12) we calculated q for each experiment. According to

[1, we took n + 2, A - 0.266 g2. cm 4.sec'l and F - 37,700 cal/sole. In the next

to the last column of the table results of similar calcu~lations art given, bu' the

last column of the table shows the percent of divergence of calculated and

experimentally found magnitudes of q. AF follows from the table, the Lagnit.des cT

q iclculated from the literary data and the directly found magnitudes are zlose

to each other. For experiments 1-12, as was shown, a pardbolic law is obsevted,

and this divergence on the average composes 11.3%. A certain exceeding of the

calculated magntides above the experimentally found is apparently explained by

the fact that, nevertheless, in the beginning the process follows a linear law

of oxidation. In experiments 13, i4, and 15 this effect is even greater, sinc,

here the period cf linear oxidation is much longer.

Conc lusions

1. A method of st'.idying the oxidation rate of metals and alloys duaring brief

heating (on the order of seconds) to high temperatures has been deveicped.

It is shown that oxidation of copper during brief heating ;10-20 sec) to

temperature on the order of i020-1070 0 C follows a parabolic law. With decrea ....

of maximum temperature cf heating to -00.-1010 C a linear dependen- ,.r:tl b

.s•rts to vredominate.
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SPEC ROPH(JTOMETRIC INVESTIGATION OF ASCORBINATE
COMPLEXES

K. P. Stolyarov and I. A. Amantova

1. Investifiaticn of C omplexes of Elements of Groups
IT and III of the Periodic Table

As is known [1-8] in analytic practice ascorbic acid is widely used as a

reducer and in separate cases as complex former.

The goal of this work is the systematic spectrophotometric investigation of

ttie possibility of usirg ascorbic acid as a compiex o-ormer. !-ascorbic acid

fd' has a structire of 2.3- ndAcA-.-gulono-1, 4-iactone (Kherst, 1933).

The ,tcid Frcoertles are caused by hydroxyl gcoup being In position 5 and

only psrtl-1ly i-, position 2 ,pK, - 4.17; pK2 - i1.157 [9] and pK. - 4.2-C.C•i

t"he comp'ex fc-mirn fuLnctlons of ascorbic acids are caused by pres rnce of

T't- rerducini nroperties c-f iscorbic acids aRe connected witt th- ,ser,•e

* rc•.-F'n w'tv. tw.o con '.auate, double bwonds -C(0H, -C( - - ;9]

:?ur'•.-" ~ ~ ~ fzl '71a*, ai seb c c d ( t -.1r::! lehy'droaz-ortý.: •.1-1 -;i'

.- t r, , tr,':. .,}-d t- n.r ' a*'Ud " i r, 'r 2:e r. ' -v dii i: ; :r ;it -::



splitting of the molecule with formation of 1-threonic (IV) and oxalic (V) acids,

occurs and then even 1-tataric at pH R 9 [9]. There is an indication about the

formation of oxalic acid in aqueous solutions of ascorbic acid in air at pH - 8 [11].

_:~ i -•

0.4 0-c-c

U H

The oxidation of ascobic acid to dehydroascorbic acid is reversible. The

oxidizing-reducing potential at equal molecular ratios of these acids at

pH - 2.04, E0 - 0.28± v; at pH - 5.75, E0 - 0.106 v; and at pH - 7, E0 - 0.185 v

[i2].

The oxidation of aqueous solutions of ascorbic acid is accelerated in the

presence of heavy metal ions (13], with increase of temperature [i(4], increase of

solution alkalinity [15) and unL-" the influence of ultraviolet light [4].

To increase the stability of ascorbic acid solutions it is recomuended 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 002, N2 [16, 17]. In our

work we used freshly prepared solutions of ascorbic acid of high concentration,

1.25 M.

Besides oxidizing splitting ascorbic acid is inclined to hydrolytic splitting,

the rate of which is increased with increase of alkalinityy (9].

U-t

Under the effect of strong alkalis the unsaturated -y-lactone ring will be



released; a salt of ketcnic acid (al and not a salt of unsaturated hydroxy acid will

be formed.

a b

With weak alkalis ascorbic acid will easily form neutral monoalkali enolate

without release of the lactone ring (b).

Considering the comp~icated character of behavior of ascorbic acid in an

alkaline solution, oxidizing and hydrolytic decomposition [14, 9] as a rule, we

investigated in solutions with pH < 7.

In strongly acid solutions the formation of ascorbinate complexes has low

probability, since ascorbic acid is weak and its dissociation is suppressed at

low pH. Therefore, an investigation at pH < 2 had no meaning.

Light abscrption of ascorbic acid solutions depends on pH; a curve of the

type of a parabola reflects the process of development of 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 explained

by the 4 - - OH group. The absorption maximum is 270 mA, which correspondsI I

to the presence of a five-member ring (21). The absorption maximum is mobile;

from 245 m, in acid solutions to 265 mL in neutral alkaline, which is connected

with the presence of conjugate double bonds (9]. 6245 m 695 (pH - 2, hydrochloric

acid solution), -55 " 940 (pH - 6.4, phosphate buffer). Values of c are obtained

for 0.5-1"iO"4 M solutions in the presence of d-sorbitol as a stabilizer (22].

True, d-sorbito) increasee the absorption ascorbic acid [23]. The absorption

spectra of an ascorbic acid solution depending upon pH and concentration, obtained

by us, are represented in Fig. i.

In the investigation of ascorbinate complexes it is necessary to apply a

great surplus of ascorbic acid (for full formation of complexes) and perform

spectrophotometry, consequently, a relativ.y free sample, containing a complex
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former in the same quantity and at the same pH of solution. The absorption of the

free sample is compensated by slot of spectrophotometer, starting only with

X - 300-320 u.

Spectrophotouetry was produced on [SF-41 (CO-4) and SF-5 spectrophotometers

in quartz curettes i cm thick.

"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 pH of solutions was measured by a 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 III of the periodic table. '

"AlkaAi metals were not investigated, since in this case it is possible to spea.
only about the formation of simple salts, and not complexes. For sodium ascorbinatc 1
KAMcc a 1"47*"0 2 [24]. The elements of an additional subgroup of group I: copper
(25, 26], silver [27, 29] and gold [30-R3] are reduced by ascorbic acid to metal
and also were not investigated.
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The basic !ata on the investigated solutions are given in Table I and the

obtained results are represented in Figs. I and 2.

Elements of Group II

In the literature there are data on about -MC= 2"."10" for magnesium

aecorbinate [24]; the formation of an ascorbinate complex of zinc [33] and also the

reduction of mercury solutions to metal [33, 34] are described.

We investigated the interaction of solutions of beryllitum, magnesium, calcium,

strontium, barium, zinc and cadmium with ascorbic acid at pH - 4.5 and 5.5. The

r'ormation of ,col.orleas complexes occurs at pH > 4.5 (at pH - 4.5 only for beryllium,

zinc and cadmium). On curves of lighit absorption maxima (see Fig. 1) are observed:

for the magneiiiume complex at 320-350 me±; calcium and barium, 345 im; zinc •.nd

cadmium, 390 u•. Salts of strontium do not "orm an ascorbi:•ate complex.

The presence of negative v~lues of optical density on curveR of light

so $A4 &.I&



,bsorlti.t. if a-itrbinite complexes of' beryll1im, zinc and cadmium testify to a

de-rf as'- In a3t-orption by these complexes as compared to free ascorbic acid in

the Oiven wavwl-nrth interval. This can be explained by a change of the steepness

of the absorption Dand, the long-wave boundary is steeper for complexes than for

the acid.

E1ements of Group III

Main subgroup

The interaction of boron, aluminum, gallium, indium, and monovalent thallium

with ascorbic acid (Fig. Ia, b) has been investigated.

For solutions containing boron a considerable decrease of light absorption is

observed in the region of 320-340 mL 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 a decrease in absorption in the region of

330-370 ML is connected with the sharp growth of optical density at X S 330 w.

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 ia wider.

With growth of pH the absorption bands shift into the long-wave region;

solutions are colored pale yellow.

We invectigated 0.004 M solutions of gallius'n 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 O.1 M the complex of gallium

hydrolyzes. With increase of ascorbic acid concentration up to 0.5 M an

accumulation of ascorbinate complexes of gallium and thallium occurs (for thallium

the concentration is 10 times larger than for gallium and indium). For indium a

0.1 M concentration of ascorbic acid is sufficient for full formation of the

complex, i.e., a 25 fold surplus in the molar ratio.

Of the last three complexes the most durable and intere,'ting in an optical

sense is the complex of indium, Spectrophotoetric determination of indium in the

form of a, ascorbinate complex can be conducted at indium concentration n.iO" M

(0.1 M solution of ascorbic acid; pH - 5.5; curette, 1 cm).

(-IC --
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Additional subgroup

From the source material we know about the formation of an ascorbinute 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 - 0-1, a positively charged one. The first is

adsorbed by anionites in the ascorbinate form, along with Ti, Zr, U, V, Mo and W

(36, 37]; the second is adsorbed by cationite in the e 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 thai uranium will form a yellow-brown ascorbinate complex at

pH - 4-4.2; its solutions obey the Beer law at 410 =jA [20, 39]. The composition

of the complex Is 1:1 [40]; K a- 1.3"10,3; = 3.92.10-2 [41]. The behaviorof th cozlex s 1: [40; K465"

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 O.i N solution of hydrochloric acid, the complex is weaker than

acetate. In the area of pH - 5-7 the complex will have the structure

NH4 1[UO 2 (OH) 2 (C6H7 06 )] added to it; at pH < 3 during a positive or neutral complex

will be formed i4e].

We investigated the interaction of ascorbic acid with solutions of scandium,

yttrium, lanthanum, trivalent cerium, praseodymium, neodymium, samarium,

gadolinium, disprosium, erbium, ytterbium, europium, terbium, holmium, lutetium,

thorium and uranium.

The initial solotions of salts were hydrochloric acid; titer of solutions wa6

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. lb, c and Fig. 2.

For all the above-mentioned elements the formation ascorbinate complexes is

connected with a sharp growth of optical density in the region of X N 330-340 mn.

With increase of solution pH the absorption bands are displaced into the lone.-wavf

region; this appears especially for europium. 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
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under~ozin 6 the strongest changes are represented in Table 2.

Por so-andilm, yttrium, lanthanum, terbium, disprosium, holmium, erblun and

lutetium in the relion of - 340-38o W! the absorption of ascorbinate complexes

lo 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 elements is yellow

or pale yellow for scandium, yttrium, lanthanum, cerium, samarium, disprosium,

europium (intensely yellow, orange at great concentration), ytterbium and urarlum

(intensely yellow). The complexes for gadolinium, terbium, lutetium and thorium

are colorless. For praseodymium the complex is yellow-green, for neodymium -

blue, for holmium - yellow-pink, for erbium - pink.

Table 2

a -. !Phzimu in Malultion at 9u9ISp~ 04saaiMzima saoJtit at aasozmial

nment "6A

C L1

2Y 3 1
40 4.

*In these cases the rise in maximum is caused by
a general increase of light absorption in the
shortwave region.

It is necessary to note that elements of the cerium group (0.1 M solutions

o! elements in 0.5 M solutions of ascorbic acid) at pH - 5.5 probably deposit

in the form of basic ascorbinates; elements of the yttrium group stay in solution

tuven %.t large values of pH.

For spectrophotometric analysis of greatest intertat are aacorbinate6 of

europium and samarium (not countL£g uranium). It has been shown that these element...

can havw a valence of +2. It is pos-ible that the formation of ascorbinate

complexes of europium and samarium is connected with their initial reduction.



Concl azl tOtS

The formation of ascorbinate complexes for elements of grout.s 11 snd Ill c4

tie perloil1 table (excluding strontium and mercury) evokes a change in absorr'tl~x,

spectra of rolutions of simple salts; maxima of light absorption are increased

and ometimes are displaced into the lung-wave region (Pr, Nd, Ho, Ev); absorption

sto1ngly Increases In the region of 320-340 mO, combined with a shift absorption

band of ascorbic acid into the long-wave region (Zn, Cd and elements of group III,

exchlding B); for certain elements negative values of optical density arc obtained

in the region cf ý - 320-370 ma, i.e., light absorption decreases (Be, Zn. %d, B,

Al, Se, Y, La, Tb, Dy, Ho, Ev, Lu); new maxima appear (Mg 320-340 mt Cu and Ba.

35 mL; Zn and Cd, 390 %L).
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REDUCING PROPERTIES OF IONITES

N. A. Nechay, M. N. Zvereva, and T. M. Grekovich

The reducing properties of ionites have been investigated comparatively

little, in spite of the fact that a iai.. number of works are devoted to the study

of exchange of ions on hard sorbents. For analytic chemistry the knowledge of

reducing properties cf ion exclanagers has practical value.

A number of investigators j1-7] observed the reducing ability of cationites.

V. N. Lenskaya (8] considzered the influence of pH, temperature, concentration

of solutions of oxldizýzrs dnd other factors on the oxidation processes of resins

of brands (N•K] (F, :), [(RSK] (PCI{), [PFSK] (MCK), [SpG] %car). [sBs] (CEC), [MSF]

(MCO), [G]iG (PX), [TN] (TNH), [NO] (HO), also others. Her work allows us to

make the following conclusior: under the effect on ionites of buffered solutions

of oxidizers contai:ing oxygen in their molecule is a dependence of the oxidation

rate and quantity of reduced oxidizer on concentration of hydrogen ions, is

observed; there is a certain selectivity of the action of different oxidizerz on

ionites; an increase in oxidizer concentration evokes an increase of the rate of

the oxidizing-reducing process; the oxidation reaction of ionite is not reversible

and the reducing ability of ionite is gradually lowered.

V. N. Lenskaya with colleagues [9, 10] showed the pobaibility of using ionites

as specific reducers, valuable for analytic chemistry by the fact that they do

not introduce outside inorganic ions into the investigated solution.

In a number of works [1i-i5] it in noted that ionic exchange and reauction of

ions in the solution occur simultaneously and independent of each other; that the



sourc~e of redueing properties of reslns is not ionogen groups or eltmentary nucleiof resinz (sulphophenolic and sulphostyrene).

The goal of this work is the investigation of the reducing ability of certain

-Icmtea of Soviet brands with respect to different oxidizers. For the first time

jl we investigated the reducing properties of cations of [KU-2] (xy-2), KU-2-4,

KU-2-12, KU-2-16, (SBSP] (CBEP), [KB-4P-2] (HB-411-2), a.d anionite, rAN-I] (AH-i),

I (EDE-1O-P] ( UO-i0,), [AV-16] (AB-16), and AV-17. As oxidizers we applied

solutions of Kft04, K.r 207 . ?H•VO,. and Fe,(SH3)2 0 whose normal oxidlzing

A• potentials are 1.51, 1.36, 1,01 and 0.77 v respectively.

Experiments were conducted by the static method by means of agitating a

suspension of resin (0.5 g) with 50 ml of a solution having 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.

bhe 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 Mn+ 7

to Mn+ 2 occurs; in an alkaline medium full reduction of Mn+ 7 to Mn+4. The least

reduction of manganese occurs in the region clooe to neutral. Laring rý-uuct:oron of

Cr• and V+5 the reducing ability of resins drops as the acidity cf the solution

decreases.

Toi~va~ga~,e tie Lifluence of different

content of divinylbenzene [DVB] (ZBB) on the

reducing prooert 4 es of resin ve took three brands

of cationite KU-2; KU-.-I4. KT-.2-i2, and KU-2-16.

In expervia-its with molitMon of potassium

via permanZarata- 'ull reducticn of Mi+7 to Mn+4 and
W1 ' +2 b, E.1ll b:,ans of KU-2 resin occurred.

Fig. 1. Oxidization of Experiments with potassium bichromate showed (Table
cationite SBSR by different
oxidizers (concentration of ') "het, ar Increari in th, pe-centaeýe uf DVB in
oxidizers in initial
solutions was 0.05 9). resins of brand KU.2 increases their resistance

to oxidizers in an insignificant degree, This ii poe~sbly explained by the fact

that the easily oxidizing groups of resin are located at thc uncs of mac )moiecules

an4 the pecking of the structuire essentially does not affict the oxidizing-reducing

j -ro-



-able 1. Effect of Potassium Bichromate on Cation~teKU-2 with Different Content of DVB (Concentration of

K2 Cr207 solution, 0.04 N)"

Prom the obtained data on reduction of potassium by different ionites

depending upon medium acidity (Table 2) it is clear that the stablest are from

cationites KB-Pl-2 and from anionites AV-in. During reduction of potassium

bichromate (Table 3) the stablest also turned out to be KB-UP-2 e d AV-i7. The

btbelons to AV-±6, EDE-iO-P and SBSR,

which reduce chromium in a wide interval of acidity up to pH 7, which agrees with

the data of V. N. Lenskdya on oxidation of other brands of ionites.

¶nable 2. Oxidation of lonites by Potassium Permongnate

(Ccncentration of KMn04 Solution, 0.02 N)

AcdVaI I~~ tu~ ipn1

S n or iliM- %

of. I' i ul
W ou

Table 3. Oxidation of eonites by Potassium Bichromate
(Concentration of K Cr0. Solution, 0.02 N)

iyat rduced chromiuInlln1

solutloa W4 CDw L.!±L AM.. *M-*"2 *8WI A&"

Table 14 gives data on reduction of pentavalent vanadium by ioniteq.

-1.77- A i
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Tabie 4. Oxidation of Ionites by Amnonium Vanadate
'Concentration of NH VO3 Solution, 0.02 N)

roTale t ert at atndu oadzes Wo1 in dE -;nsolution IU-2, -4- n AV- Ana

0e6 itlo I an."
44 U 0

F From Table 4 it is clear that vanadium oxidizes AV-16 and EDE-Ie-P; in very

acid solutions KU-2, AN-I. and EBS. KB-4P-2 and AV- resist the action of vanadium.

With all the above-mentioned brands of resins we made experiments to study

their interaction with Fe 2 rt solutions. It was found that of all the studied

ionites Iron oxidizes only AV-i6 to an insignificant degree (o1.5%); as one should

expsct 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-i > "V-17 > KB-4P-2.

For the quantitative characteristics of the reducing properties of ionites

with respect to r IO4O and K2 ro we calculated the percent of reduced manrganese

and chromium for I g of resin depending upon the number of sorption - desorption

cycles. Experiments were produced by means of agitating a suspension of resin

(0.5 u) with 50 ml of a solution, having a 0.05 . concentration of oxidizer and

acidity of I N by H2  ,utleiibumi esalshed. We filtered the ionite

and extracted from it the absorbed ions, shifting simultaneously the cationite

to the A+ form and mnionite to the OH- form, In united filtrates we determined the

content of reduced oxidizer. The regenerated resin wab again agitated with a

solution of oxidizer, etc.

It turned out that the reducing ability of ionites with respect to

potassium permanganate is kept practically completely for 5 cycles, except for

anionites AN-i, EDE-iO-P and AV-16 which on the 3-5th cycle are destroyed. In

Fig. 2 one may see the gradual extinction of reducing properties of ionite with

respect to ratassium bichromate.

Anionites AV-16 and EDE-iO-P were completely dissolved on the fourth cycle.

Since the solubility of resin is increased with decrease of transverse bonds in
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Cr
5
,S AI-II ! d,.,tr,,otion

Caof •ptn

10 NO-

5 Itu.,equivaletZ it
N.mber of sorption -dsoupt~on Oyioes

Fig. 3. Curves of Fig. 4. Curves of f
Fppg. 2. Reducing potentiometric Litrating •otentiometric titratingwith respect to K2r of cationites by a NaOH of anionites by a HCIK2Cr207  solution. I - before solution. 1 - before
depending upon the the effect of oxidizer; the effect of oxidizer;
number of sorption - 2 - after the effect 2 - after the effect
desorption cycles, of oxidizer. of oxidizer.

the Jolymer, we can 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 ionogen groups, but 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 (anionite) 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 H2 SO . As can

be seen from Figs. 3 and 4 partial oxidation of *onite practically does not

affect the dlope of titrating curves of the investigated ionite, and, consequently,

during oxidation ionogen groups do not participate.

k be m t by the preasea ,Iuvup t -ezcI e
tum KY-. KS-4*-2 CSCP, sAs-ln. AH-I. .17 we aol oxidized
by OXOa W-htm asPeg(S0jsat [H+Jlm10-- 3&ý.; timhvesea AS-
*17 and K-4fl-2 are omoxoidised by O.A a 001-0 ;VLo 1*

10,u sOtr- ad KY-O- at IH+I--IO'-le- 26; "4fi a mWa

eaoted by %02 a suoutl KrQO a (H[J - 0'm - 2i.. d

AD-47- at |H*| I0- 1 I0-m 0' &1 Iavelaed .- s.xclboge te-

01n 0e aoeuibd by 0.0 s soluUom KMaO. at HI1 - - 54-
Adww " o It*nk dtail"ty *words oudts Io-excha-e reMua can

be wmhd Is a w an Ioys: K54 l-2 >AB.I7>KY-I2.>AH-I >
>WC,>343O-I0- > AS-I.t

The "M euado,, of the •,-excu m by 0.0A soton
KP i hu been Mod to have practically so elect ca the exchange
capy value. tnish sarmy]
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INFRARED ABSORPTION SPECTRA OF ANHYDROUS SULFURIC AND
ORTHOPHOS PHORIC ACIDS

S. A. Shchukarev, T. G. Balicheva, K. Ya. Borcha, andM. A. Kukhareva

The wide application of anhydrous mineral acids in a whole series of Organic

productions requires the thorough study of their behavior in pure form.

We attempted to study the state of isostructural molecules of acids 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 spectra to change of structure of molecules.

Informations about oscillatory frequencies of sulfuric and orthophosphoric acids,

obtained basically from spectra of combinationrl diffusion, are rather

contradictory [1-6]. Region of valent 0 - H %ibrations due to the large experiment-1

difficulties is studied very little.

Table 1 gives the presently available information about frequencies of

valent 0 - H vibrations for anhydrous sulfuric acid.

Table I

Maxiaum of
Sbae Method of absorption

Substance :investigation band, cm-1

H2SOv4 liquid I0OX Raman [_ il 285

1H2S04 liquid 100% Raman [2] 3025

H2 SO liquid i00% Raman [3] 2850, 3000

1i2 S04 liquid 100% IKS (i4] 2970 t 50

112S04 solid 100X} IKS [i4] 2980



If frequency of valent 0 - H vibrations for H2 SO4 is needed only in a more

precise definition, then the matter is worse with these frequencies for

orthophosphoric acid. MWdard [2] found in region of valent 0 - H vibrations a
wide band, spreading from 3700 to 2700 cmi with maximum near 3300 cmA . Simon

(6-7]j not finding in this region even a weak absorption band tn the Raman-spectrum

of orthophosphoric acid, considers that the system investigated by Midard did

not cvrrespond to a composition of orthophosphoric acid.

Therefore, the goal of our investigation was a more precise definition of

the results in the region of valent 0- H vibrations and also the investigation

of the influence of lowered temperature on position of the maximum and bandwidth

of absorption of the 0-H . . . 0 complex.

The results, obtained by Giguire [4] for solid 100% sulfuric acid, evokes

surprise both in the small magnitude of displacement AV - 10"1 cm and also in the

direction of displacement, indicating a weakening of hydrogen bonds in the

0 - H . . . 0 complex with lowering of temperature. Crystalline orthophosphoric

acid, roentgenographically studied by Furberg [7], Is characterized by three

identical P - 0 bonds 1.57 9 long. The fourth P - 0 bond, assumed "keto," with

shorter length of 1.52 P - 0 - H . . . 0 - P; the very ahort distance

* ! R(0 0 • * 0) - 2.53 2 should correspond to a very durable hydrogen bond of the

associating molecule of phosphorous acid. The distance between hydroxyls

(P - 0 - H • • 0 - 4), equal to R(O 0 • 0) - 2.84 A, should correspond to a

weaker hydrogen bond. On the basis of given X-roy structural data one should have

expected the 8ppeiprance in vibration spectrum of absorption of H3 P04 in the region

of valant Q - H vilrations of two bands, from which one should be strongly

wideneu and consiieribl: displaced in the low frequency region, corresponding to

a strong 'iydrogx- O with distance U . . . 0 - 2.53

Accou•i.ýr to X-ray diffraction analysis of Pascard [8], in the grid of

sulfuric acid there are also 2 types of hydrogen bonds, 0 - H - 0 -w i and

O - H • • 0 - S with corresponding distances of 2.84 • and 2.6' A. We have no

In.formation about the distance 0 . . . 0 in anhydrous chloric acid, but the

proximity and nmer of observed frequencies of vibrations • - 0 and F - 0 in

orthophosphoric, sulfuric uid chloric acid* testify to a tetrahedral configuretion

.Df their anions and an analog in the structure of acids.

We obtained 100% orthophrjsn'rc acid by two methods:
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1. From crystalline 96% H3P34; to melt at t - 50°C we added a calculated

quantity of "chemically pure" P2 05.*

2. Prolonged dehydration of 8.5% H3POk in a vacuum with subsequent double

recrystallization according to method of Simon [7]. In the H3PO04 crystals obtained

by this method, a H4 P2 07 impurity was completely absent, its content by the first

method was 2-12% depending upon modification of the applied P2 05 . The composition

of the obtained acid w ntrolled by titrating O.1 N KOH and qualitative

reactions with AgN03 1 che absence of pyrophosphoric and metaphosphoric acids.

100% H2SO4 was obtained by adding to a suspension of oleum a calculated

quantity of concent. •d "chemically pure" H2 S04, d - 1.832 g/cm3. The composition

was also controllad by titrating. Vibration spr.tra of substances were taken on

a recording double-beam [IKS-14] (KW-14) infrared spectrometer on LIF and NaCl

prisms; the light source was a globar.

Calibration was prod'3ced on an vibration rotary spectra NH3, C6 46 , HC1, CO and

CO2 . The stability of calibration was constantly checked by a standard spectrum

of polystyrene. The optical windows of the convette were plane-parallel thin

windows of quartz, fluorite and

optical AgCl.

The obtained absorption

spectra in the frequency range

S" - •.,•" of 3500-2350 cmi are shown in

Fig. 1. Infrared , rig. 2. Infrared Figs. I and 2.
absorption spectrum absorption spectrum
ox 0.•ydrous sulfuric of anhydrous Indeed, the very wide
acid, thickness of orthophosphoric acid, absorpticn band of orthophosphoric
film -2.6 ýi. a - thickness of film,

t - 20 0 C; b - a - t-20°C; acid ie displaced by 120 cm"I

t t -4o°C. b - t - -4O0 C. as compared to the absorption

band of It2 SO4 and by 540 cma as compared to anhydrous HC104 [9] in the low-

frequency region, testifying to the larg durability of hydrogen bonds associating

ttf molecule of phosphoric acid. Due to this the force constant cf the 0 - H

bond decreases, and the length of 0 - H is increased. This mY be seen from our

tentatively calculated values of force constant and Interatomic distance, g$ven In

Table 2.

The force constant of the 0 - H bond was calculated by the formula of vlbration7

of f harrn.nic oscillator [10]

, ;W-



Table 2

Substance V, cm=" f.10, dyne.cm1r OA

WC104 liquid 100% 3390 6.4 0.997

HS004 liquid 100% 2970 1.9 1. 6

R39O4 liquid 100% 2850 4.5 1.08

and the interatomic roH distance, by the approximation formula of Badger (11]

,-fD+q

Tie values of corstants c1i. and Dij are accepted by us in reference to atoms H and

0 equal to rm . Djj - 0.335.

Figure 3 built on these data shows the explicit functional dependence between

the weakenin of durability of the 0 - H bond and increase of length, i.e.,

interatomic C - H distance, with Increase of elertronegativeness of the anion.

In connection with the fact that the acit we studied

"possess strong corroding properties and sufficiently large

absorption, to study the spectra with controlled thickness

of layer we applied the weight method of determining layer

thickness, checked for water.

Fi. 3. The molar indices found on maxima of absorption bands
Dependence between
tpefornce constet (the average of 6 close valuer) are given in Table 3.
the force constantcf 0 -- H bond andofteratomic 0 - H Figure 4 illustrates on example of sulfuric acid the

distance in HC104, good convergence of our results. All operations of filling
S H 1the convette were conducted in a drying chamber with P2 05 .

To study the influence of lowered temperature on spectrum of acids we

prepard a vacuum absorbing chambr from molybdenum glass with windows of fluorite,;

Its construction differ* little from those described in literature [13, it].

Tab le
oIr,

- I I I I I I
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Id * Due to the low temperatures of fusion of the studied

substances (TJ, H2 SO4 .- O°C; TJ H 3 P4 - +42.3°C)

cooling 9 mixture of acetone with solid carbon dioxide to

-400°C was sufficient to have a stable fine crystalline

preparation throughout the survey of spectrum. Control of

temperature was carried out potentiometrically with a

preliminarily calibrated, copper-constantan thermocouple.

We took measures to prevent freezing of the convette windows

Fig. 4. Dependence ditcha. The obtained absorption spectra (Figs. lb and ?b)
betwee o.Dpendcal
between optical show a certain decrease of width of absorption bands both
density of asubstance (D) andsthickness of) film ;vr phosphoric, so also for sulfuric acid and, secondly,thickness of film
fox' anhydrous
sulfuric acid, a displacement of absorption bands in low-frequency region

by AV - 30 cm-i, testifying to increased durability of

the hydrogen bonds between molecules with decrease of temperature in the

0 - H 0 complex.

Conclusions

i. The infrared absorption spectra were studied in region of 3700-2350 cm-

of sulfuric and orz.iophosphoric acids at room temperature.

2. The displacement of absorption band of valent 0 - H vibrations of molecules

of orthophosphoric acid by 120 as compared to absorption band of anhydrous

sulfuric acid and by 5 40 cm-i as comparec to anhydrous chluric acid testifies to

a considerable increase in duraoility of tha hyarogen bonds between molecules In

the sequence of HClO4 "' H2 SO4 < H 3P0 and a strockg loosening of the 0 - H bonds

in molecules, as a result of which the force constant of 0 - H bonds decreases and

its length increases.

3. it was shown that lowering of temperature to -40 0 C Increaazs the durabilit'.

c"' hydrogeii bonds for crystalline sulfuric and phosphoric acids.

4. The values of molar indices of absorption of the above-mentioned acids

wore ietermlned.

ad 0--- -mg--slb a e- ftlb .~tv 4whm bas -fd

100 N &Seq d k" S mIam sdf pow 6 Sm s I I

dhm HOO. < He < H. 1 a On bog* d 1% 0- H bo
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I.

DEPENDENCE OF ORIENTATION ANGLE OF DOUBLE REFRACTION "
IN FLOW ON CONCENTRATION OF SOLUTION

V. P. Budtov

In the preceding work [i] on the example of one function of [PMMA] (IIA)

solutions it was shown that at low viscosity of the solvent double refraction in

flow can be considered as an effect of orientation of molecules, but double

refraction in flow at high viscosity as an effect of deformation of molecules. In

obtaining extrapolated values of the hngle of orientation a deflections [i]

from the rules of Peterlin [2] were noticed in viscous solvents, iee., in viscous

solvents a different concentration dependence of the angle of orientation was

observed than in low viscous solvents (3-8].

The semi-empirical theory of Peterlin [2] gives the following expression for

the angle of orientation - -

where g is the gradient of speed, M is the molecular weight of the polymer, A isK a constant, ij0 is the viscosity of the soivent, [(] is the characteristic

relaxation time, extrapolated for c - 0, c is the concentration of polymer in the

solution, k is the Haggins constant, iap [, ] are the specific and characteristic

viscosity of the solution.

Another method of extrwapolating the i iue of relaxation w on "zero" concentrathoe

(c - n) was offered by Cerf (9], who showed that thxre in such a region where the

angle of orientation does not depend on concentration. It was establibhed [iO that -

.. .. .......-



b) bthe deformation member in the expression for

_ also does not depend on concentration.
In this work we measured the angles of

IF• orientation for solutions of six PMMA fractions

3in tetrabroxoethane (viscosity changed from 5

9 to 15.6 centipoises). The characteristics of

- samples is given in work [11.

An was shown earlier [11] correct selection

of r is controlled by measurements conducted

in the region of large g and large concentrations.

Fig. 1. Dependence of oagnitude Having obtaining relaxation times - [Ii],
IT an 61; .and concentration
V*- 15.6 centio ises. bt frviscographs of T as a function of may were

cn tetroe )omoethe: a) I --
tnc 0 0. -.; b -- 0.8 e- 0.12; constructed (Fii. it ). The solid curvest i

d4 i0n0a ; 5 -0.04; 6 -s express the dependence of i one viscosity of9],• i'aib; I-o -3.0;

Wi-i6.4; it o- 9.e r i•e- er.r; the ( olvent, the e otmen , on the given speccll
V -15.6 centipoises, b) i
acetone (0)n a ethilethys vfscosity of solution he p/C. one men o see,

isexpressed; buylastraigt lie ( atlrecnenrtos).shw npad

bend)e t he slopes ofttse straight linespec rall s in the region of small concentrations,

that the gveon dependences arel expressed by straioht lines c ntersectie on ta e

wordinate axis a segent proportional to the coefficient of i ndernal viscosity [9].

Within lints ob experimental error (7li0n) this segment is the sade for all

concentrathe . Thus, for every concentration the dependence of t on

teis expressed by a straight line (at large concentrations fii shows

bend) ; the slopes of these straight lines increase with increase of concentration.
The value of relaxation times T extrapolated for c -* 0 can be obtained by

two methods. It Is possible to construct a concentration dependence of T at

identical ( .and obtain a straight line expressing the dependence of [ nt] or
71O1,1. The convenience of this is that the corresponding dependences of -r on c a•t

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 Fig. Is, are expres•cd

Sas a function of concentration (Fig. 2b). The obtained straight line representiriý,

this dependence intersects on the coordinate axis a segment which coincides with

the iagnitude of the slope of the straight line [T1, -f(•0[Y]).

-Igo-
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The graphically expressed dependence of T on

TV 191 (Fig. ia) and concentration (Fig. 2a) can
b ) C"

also be analyticflly presented:
10

.-+49+ c~,-a ~L~kj+ (2)

The values of b and d are given In the table. The

characteristic viscosity of solutions in

a) tetrabromoethane extrapolated for g- 0 are given

in the second column of the .able. It is clear Lnat
b and d increase with increase of mclecular weight.

Fig. 2. Dependence
of magnitude T 'rat a Basically the dependence Of T on concentration I s

i ~definite £ o
dfi determined by the third member of formula (2).

concentration for
solutions V of PMMA Actually, the dependenc2 of T on qr " i is e.~pressed
fraction. Number on
the straight lines give by a straight line (Fig. 3) (along the axis of
the magnitudes of q=t
(r); the dependence of ordinates we take in order to combine the

magnitude - on curves for solutio's of the given fration in various

concentration for solvents).solutions IT of fracýtion
solurtios of fraction (IThe angles of orientation of double refraction

ýIiand ffacin(T"b 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 is expressed by Ceterlin's formuaia

(1).

IN .

I. *1

•b

Fig. 3. Dependence of T on

specific viscosity qr " i for solutions
of fractions. The numbers on the lines
are the numbers of fraction.
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thuns if in low viscosty solvents (kinetic rigid ball) the dependence of
•)•!of coordinates, then for viscous solvents (deformed ball) the depeindence has a

an is•J • expressed b stagtline (Fig. ib) passing through the origin

completely different character (Figs. & and 2&). Therefore, from the dependence

i of T on jpc It Is possible to judge about the deformation of the macromolecule,

%aUh is 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 relaxation 'T) as function of gradient of speed in a wide

interval of solvent viscosities (from 0.3 to 15 centipoises) and concentration

cf polymer (from 0.01 to 0.3 g/100 cma3 ) was studied.

2. In low-viscosity solvents T is proportional to q8,/c, which corresponds

to the Peterlin rule.

3. In viscous solvents the dependence of T on 9s/r has a different

character. An empirical formula was found and methods of extrapolating T for c -U 0

are crfered.

4. From studying the dependence of T on Ys /c definite conclusions can besp
made about the nature of dynamoptical effect and kinetic rigidity of macromolecuies.

140810 dmoy MW finfimffim fto in d" $dnoomi %a ,

(bc qws.. bm .ikm de .mh~m .e(• km kmum ,ubmm

1 •~

to SON dW "n" is~ a hm f s*J
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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 deficiencies of a

methodical character. Photoelectric observations of twilight in separate sections

of the spectrum with applil ation of light filters do not give a presentation about

the spectrum of twilight sky [1, 2]. In photographing the spectra of twilight

sky usually prolonged exposures were applied, which is equivalent to averaging

across a Iar6e i•nterval of zenith distance of the sun [3].

The goal of this work ic to obtain spectra of twilight sky in the near infra,- i

region of the spectrum with the heln of scanning over wavelengths of an

electrophotometer at various setting angles of the sun on the horizon in zenith and

western horizon. As spectral system a monochromator was used with a diffraction

grating operating according to the Fasti diagram. The diagram of the Installation

is shown in Fig. 1. Light of the twilight sky is focused by cond r I on the

slot of monochromater 2; collimator mirror 4 transforms divergent bundle proceedin,:

from the slot; it is reflected from a plane rotating mirror 3 in parallel and

.J-ec'tz It on grid 5. Light located in the spectrum is focused ty spherical

r'irror 6 In the plane of the exit slit 7. The solid angle of the Installation Is

0 •' steral1ana.

The candle-power of ti.w. m•nochrosator Is 1/9. The dimensions of the shaded

P•rt of t gre ir.d are N. e no The grid has 600 lines per a. 3canning o• f

I'



spectrum was produced by rotating the grid. During

work in the infrared region of the spectrum

(0.7-1.1 a) the grid worked on the first order, to

cut the spectrum of the second order a red glass

[KS-I] (IC-1) was set up In front of the slot.

The dispersion of the monochromator was 22 9/10.

F. 1. After exit slit the light strikes the sceen

of image ccnverter [EOP] (301 ) with an oxygen-

cesium cathode. The glow of the EOP screen In the blue region of spectrum was

perceived by the photoelectronic multiplier (P•] (OY) of brand EMI with an

antluony cosiux cathode.

Between the PM cathode ana the EOP screen an optical contact was ensured withi

help of a special light conductor 8. The EOP was placed in a refrigerator. The

dark current of the ROP was cold-treated by carbon dioxide.

.4

Fig. 2.

Tht outpat signal from the enlarger after amplification was recorded L: the

r-,corder. The installation was calibrated In absolute units with the help of a

staadard lamp.

The spectra of twilight sky were recorded at the Pulkovsk astronomical

t-servatorl in the summer of 1963 setting angles of the sun on the horizon up to

. 1he obtained spectrograms were corrected for spectral sensitivity or the

receiver and change of twilight IllumiLnance during the time of recording, and v, r,

r.catculated In absolute "-its.



Figure 2 gives the typical spectra of twilight sky in absolute units for a

small interval of angles of setting (angle E), obtained by us in June 1963 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 4, comparable in magnitude to the miaximm in the

region of 0.7 4. It is possible that the first maximum is caused by the nflash

of intrinsic radiation of atmosphere near 1 4 discovered by Ye. D. Sholokhove and

M. S. Frish in 1955[1.The obtained infrared spectra in western horizon essential4v

do not liffer from the spectra of zenith.

One should consider the described investigations as preliminary.

This work was carried out in the laboratory of Prof. S. F. Rodionov, to whom

the author expresses sincere gratitude for his constant interest and leadership

of the work.
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SPHASE METHOD OF MEASL.ING MAGNETIC FIELD OF EARTH
WITH A FXLEAR-RESONANCE FILTER

P. M. Borodin

At present there are szeral methods of continuous measurement of the

magnetic field of earth with the help of different nuclear-resonance generators,

for lnztance [1, 2]j, *hich have definite advantages over the others.

In these the methods magnetic field H0 is measuzed by the frequency of

generation o according to the xrelationship known in nucle&Nr magnetic resonance

where 7y is the gromagnetlc ratio of nuclei of sample (usually protons). However,

when this measuring small changes the earth's magnetic field (I-y)and especially

if these changes have a short period, considerable difriculties appear, connected

witt the necessity of thorough treatment of oscillograms and continuity of the

method is lost, since to increaese the accuracy it is necessary to increase the time

of measurement,' due to which only one averaged value of Ho is obtained.

These deficiencies can be avoided preserving all the merits nuclear-resonance

methods if we apply the phase method of measuring earth's magnetic field with the

nelp of a nuclear resonance filter [YaPF] (HPO); for this any device can be used

'Change of field, AHO - 17, as is evident from (1); correspondingly

0.043 cps; inasmuc , for time of measurement At = 0.3 sec thepiiase advance will be A(" 5° and for 6t " see, A9" 50°"I

L1

............................



a) ri---

b~) b)

A'."

Fig. 1. Change of amplitude v and phase 0
of signal of precession of nuclei at the
output of a nuclear-resonance filter, a)
is amplitude-frequency; b) is phase-frequency
characteristics of nuclear-resonance filter;
V is the frequency of the external crystal
oscillator, Am is the frequency difference
caused by the modified magnetic field of earth

S.AHO, B and C are magnitudes of amplitude and
phase on the output of the nuclear-resonance
filter, corresponding to frequency difference
of -A and +Am.

which has nuclear-resonance characteristics (Fig. 1) with fo proportional to H0

in accordance with (1). If at the input of such a filter we apply voltage uK from

an external stabilized gensrator, the frequency of which v is equal the

resonance frequency of YaRF, then during changes of the earth's magnetic field

i.e., during appearance of frequency difference bwO(AKO), the amplitude and

phase of uX3 on the output of the filter will be changed proportional to AK0 in

accordance with Fig. i. Using the phase shift of uND on the output of YaRF in

comparison with the phase of u1R on its input, it is possible to more exactly and

more operationally measure the relative changes of the earth's magnetic field (with

respect to H0  i tP). If, however, we consider that HN can always be determined

by V then this method in principle allows us to produce an exact measurement

of the absolute value of the terrestrial field.

As a 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 [31).

The phase shift obtained 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

aetectorl with subsequent recording on an automatic recording instrument. Exact

'Before phase detection the amplitude was limited.

-200-
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trimming of 110 under frequency of crystal I.
oscillator i'B (installation of system on zero)

was carried out with the help of Helmholtz coils

or a sheet of light sheet iron, transferred at a

Fig. 2. Block diagram of distance of 1.5-3 m from the receiving coil.
magnetometric device. I-
nuclear-resonance filter A prolonged check in field conditions of such
(H{, magnetizing coil; lHT,
receiving coil; OM, phasing a model of the instrument showed that its
coil, H, pump; M, motor; B,
battery 2ý4 v, iO amp); 2 - sensitivity is equal to 0.i-0.3 7. Undistorted
oscillator crystal
(fXB = 2500 cps); 3 - phase registration of signals of magnetic disturbances
detector; 4 -- self-recording is ensured when they are T Ž 2 sec long.
instrument; 5 - oscillograph.

The simple methods of recording phase shifts I!
applied in these experiments does not ensure

linearity during recording of magnetic disturbances exceeding several gammas (due

to nonlinearity of the phase characteristics of YaR" and the phase detector).

Limits of applirability of such a variant of the instrument can be expanded if

decrease the steepness of phase response of YaRF due to decreasing the time of

relaxation T2 (it is of course, necessary to apply a special phase detector or

frequency divider); however, this will lead to lowering, the sensitivity of the method.

A more coordinated solution of this problem

is using the YaRF as a zero-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 phase
Fig. 3. Block diagram of dector. The simplest variant of an instrument
a simple magnetometric
device for measurment of using this principle can be built according to the
slow changes of the earth's
magnetic field of Earth, diagram depicted in Fig. 3. In this instrument,
I - r•c lear-resonance
filtei: 2 - oscillatcr which is only useful for measuring slow changes of
crystal; 5 - Helmhultz coil;
4- milliammeter with zero the earth's magnetic field, the phase shift on

intermediary; 5 -
oscillograph. the YaRF output recorded, e.g., according to

lissajous figure on oscillograph, before every measurement is manually established

at zero with the help of rheostat R, which varies current i in compensational

coils (3). The magnitude of current Ai will be proportional to AK0 and can be

calibrated in units of the field. The limits of measurement of such an instrum(nt

can be expanded any amount and will be determined only by the construction of the
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system of compensating coils.

If, however, the phase shift YaRF output will be cstablished on zero

iautouitically, as this was suggested by A. V. Mellnikov, then the instrument 14)

will continuously examine the changes of the earth's magnetic •ield i.e., in this

ON*e it is possibl to record both slow change of r and also its brief variations

at any magnitude of A.

In designing magnetometers by the described here method it is desirable to

apply more perfect nuclear-resonance filters than YaRF according .o the diagram

or the Skripov generator, for Instance those in which dynamic polarization of

nuclei is used. Taking into account all the above-indicated recommendations the

Instrument can hive good sensitivity (W0.1 j), high noise immunity, good stability

pf zero, will not require exact orientation of transducer in the direction

and will allow both continuous measurement of short-period variations of total

vector of the earth's magetic field and also recording of its slow changes.

A. V. sel'nikov and A. A. Norozov took part in an experimental check of the

method; to then I express my sincere gratitude.

To %W=a n m Molm hem ctin by"l
Iftsis I s Iaft ul a abut-
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SURFACE STRUCTURE, ELECTRICAL AND PHOTOETECTRIC PROPERTIES
OF THIN LAYERS OF SULFUROUS LEAD OBTAINED

BY CATHODE SPUTTEBRIN

R. Ya. Berlaga and M. r.. Rudenok

Photoconducting and photovoltaic layers of PbS are usuaily obtained by

chemical method or sublimation in a vacuum on solid bases.

In this work we give the results of investigating the electrical and

photoelectric properties and structure of loS layers obtained by cathode sputtering.

The lead sulfide subjected to sputtering was prepazed by heating to i1O0 °C

a mixture of shavings of chemicallj pure lead and monoclinic sulfur, taken in a

s 4
,oichiometrical ratio. The mixture of sulfur and lead was placed in a quartz

J4test tube, which was evacuated to 5.10- mm Hg and soldered. 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 being cracked along edges of crystals.

Cathode sputtering of PbS was produced under a glass bell at pressures from'

10"I mm Hg to 5.10-2 mm Hg on bases of glass and rock salts, heated to 250-270 0C.

The rate of vaporization averaged 0.2 v per hour. The bases were placed approximately

3. 5 - 4 cm from the cathode.

Structure of PbS layers obtained by this method turned out to be very close

to the structure of layers obtained by evaporation i- a vacuum. A large part of

!ht. layers obtained by cathode sputtering did not have noticeable photoconductivity;

the grreatest photosensitivity was 16% at illuminance of 1200 lux. Thej

photoclectromotive force at the same illuminanvw, attained 25 my; the sign of the

,ftoto rmf did not depend on the direction of light.
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Conductivity of layers in the process of high-temperature treatment changes

Just as the conductivity of layers obtained by evaporation in a vacuum; with a

temperature rise conductivity decreases attaining a minimum (Fig. 1).

Before oxidation the layers have n-type conductivity, whose character after

oxidation changes, It becomes p-type.

The activation energies calculated from the temperature dependence of

conductivity for layers obtained by cathode sputtering and vacuum evaporation

almost coincided and ane 0.39 and 0..7 ev respectively.

The absorption spectra of layers obtained by these methods were also similar

(Fig. 2). Externally these layers almost did not differ.

Depending upon the rate of cathode sputtering the layers had a somewhat

different form, light-gray mirror, sometimes with a bluiah nuance or dark-grey or

even dull-black.
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. Figure 3 gives profile photographs of layere

obtained by cathode sputtering and evaporation, and Fig. 4 is photographs of the
surface.

The electron diffraction patterns obtained during reflection of electron beam

from the surface of layer sputtered on a hot base had a form typical for

polycrystalline layers.

By sputtering PbS on a chip of rock salt we ootained a single crystalline

film that one could see from electron diffraction patterns obtained during passage
of an electron beam through a thin PbS layer (Fig. 5).
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Fig. 5. Electron diffractione
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; b) vacuum on a glass base; b) on a chip
evaporation, of rock salt.

From the performed investigations one can note that cathode spattering

produces polycrystalline layers, very similarly in their properties and structure

to layers obtained by vacuum evaporation. For an oriented effect of the base,

sputtering on a chip of rock salt, we obtained single crystalline films.

From electron-microscopic 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 are lower than for layers coated in a vacuum.

Diploma candidate L. I. Meshcherskaya participated in the work.
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... A ....... CAPACITY OF SOLID Fe 2 0, - Al 2 0 SOLUTIONS
AT HEIG.HTENED TEMPERATURES

Yu. G. Popov

For -ertain compounds of variable composition (titanium oxide [1], vanadium

•xide [21 and riicKei telluride [3]) it has been shown that the average heat

capacity is a linvar fwiction of the index for the nonmetallic element in the

formula of the com-pound (withiz. limits of the region of homogeneity). In a numer

;f cases the average heat capacity of tiubstances being within limits of region of

homoeeneity Is additively compowcd of thE- heat capacities of the corresponding

stoichr-metricai .ompournds titanltua oxide, nickel telluride), in case of varadiuIm

Sxde a considiratle defiectlor. from vahi*s corresponding to additive compositiozi

For solid solutions of oxides of the type of Ismotphic substitution data

,bo~ut ivert,,f' at -'-pa.-ity are upparently at-sent. At th- 'ame time, they are

f cori-ant!, lr-tre.- i. conectiorn with importarce of evaiulati,: the value cr

I.':•.•1CJI,'ator~i ccmponer.ts of charge of thersodynic potential during

""j ri:i ; iors&r 1• i.. ornection with the fact that he,,t capacity S.-

zutru-ctur:rlly s,.rsitive propertY. This work Is dedicated to an Investitation of

ý1 - heat -3picity oi composition in a Fe.J-Al.

r: uf Fe.- ~.were pr.'parei ram nitrate$ of trly-tlent !rorandauiu

-;Ali! '.-R, pure Rr.alyaSi5. "10 t10r,5 Ol these salti i-one!.'ratl:x. Of

tPS~i!



solution by the weight method [4 p. 338]) were mixed in appropriate ratios.

After coprecipitation of hydroxides by the effect of NH 0H the filtered and

dri.ed deposits were heated 8-10 hours at 600-7000 C in air, and then at 11000C

In a current of wqgen. As a result of 120 hour heat treatment at this temperature

prepam tioas containin 0, 3, 6, 78, 82, 86, 90, 94, 97 and 100 molecular • of

1e 2 03 according to roentgenographic investigation turned out to be single-phase

with a grid of the aoA1 20 type.

Preparations containing 10, 50 and 65 molecular % of Fe2 03 turned out to be

two-phase. The pocitions of boundaries of two-phase regions were estimated as

9 ± 1 and 77 t I molecular % PFe 0, which agrees with the results of work (5].

The average heat capacity in the 1056-298 0 K interval was determined on the

installation described earlier (1]. The thermal value of calorimeter was

establisbed by the electrical method.

I. IIl
In calculation one calorie was taken as equal to 4.1840 abe joules. The

divergence between separate experiments dild not exceed 0.3% and when using differr.t

weighed samples, 50% and, as L rule, it was smaller.

Results of determinations of enthalpy of preparations are given in the table

(for different weighed samples of preparations of identical composition the

results are averaged).

?be magnitude of enthalpy of pure a-cortunrdua is in satisfactory conformity wit.

the magnitude obtained in work [6] (divergence is 0.2%). For a-Fe2 03 the data

obtained in this work differ by 1.2% from the data offered in work [7].

The figuare d-picts the dependence of enthalpy of solid Fe 2 01 - • 2 > solutionl•

on coaposition.

In the single-phase regions enthalpy (average heat capacity) is a linear

function of composition. The awmam deflection 'rom the averaged straight Uines

does not exceed 0.5%.

The positions of bouzndaries of the two-phase region, ensuing from the form o!



to ....l •dependence of en-.alpy on composition, agree with the

positions of boundaries determined from the

roentgenographic data.
I / IThe deflection of magnitudes of the average heat

I capacity of solid solutions from values obtained byF I means of additive composition of the average heat

I capacity of o-Al 2 03 and a-Fe2 03 is rather considerable,
SattainIng at 9 molecular % of Fe 20 3 1% and at 77

IV a mole:ular % of Fe2 03 3.5%, which correspond to

de".iections in magnitudes of enthalpy by 200 Sind 660•penoiecenreofoe 0entand tp7

o;' solid Fe,03 -- A!03 cal respectively.
rsolutions on composition.

Thus, the contribution of nanconfigurationali))tdlines so h: boundaries of the two-
phase region. components to the magnitude of thermodynamic potential

of the formation of solid solutions of oxides of

isomorphic substitution can be sufficiently noticeable.

Heat capacity, especially cp, even at heightened temperatures is a structurall.4

sensitive porperty; this especially follows from data obtained in this work (see

figure).

Correspondingly, the linear dependence of on composition within limits of

the regioii of homogeneity, i.e., equality of the average heat capacit) of solid

sol'itions to the avecage heat captcity of - mechanical mixture (the same gross-

ý-,-mpcsition) of extreme .ompositions (corrtsponding to pure comporent and a solld

solution, corresponding to the boundary of solubility), gives a definite base for

assuming that solid Fe 2 C. - Ai 2 0 solutions have a s-mricro-nonunIfcrm structure,

i.e., that thtre Is a known segregation of aluminum and iron atoms ii them.

Conclusions

1. The averagr heat capacity of preparations of a Fe -01-2 system W':•

tt,.-rmnined in the temperatu,%,s In-.erval of 10-6-29eK.

.. :t aw-s shown that in single-phase regions the avv~rag.e heat -%pacity i-: 't

.ln,-,r furrcticn of composition.

-, 'he az.umptlon is mde that solid Fe 2 0 -Al 2 0 soluttons hAve a

suIla "rc-!;or~un'iform atr~c~ure.

in cor•'lus.or the author ttaes this oppcrtun.ity to thhanK ,S -. Ariya ccr

-. ,:. 'i th.is wcrr. and collea&us, of laboratory of roentger:.ýrra, kpy, 1. . ,



for help in the roentgenographic part of tne work.
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I.

OF Me NbOCl 5

Ye. K. Smirnova and I. V. Vasil'kova

In 1907 an article [i] was published about the production of anhydrous

chloronibates, Rb 2 1NbCl 5 and Cs NbOCl 5 , by pouring hydrochloric acid solutions of

niobium oxychioride and chlorides of alkali metals and subs.equent saturation of the

solution by hydrogen chloride at 00 C.

Investigation of systems NbOCl chlorides of alkali metals with the help of3
theý'mographic analysis [2, 3] showed that K2 NbOCi melts incongruently at 48°C2 5
and Rb 2 bOC1 5 and Cs 2 NbOCl 5 melt congruently at 616 and 642 0 C respectively.

We first obtained the given compounas from a melt by means of alloying

stolcniometrical quantities of niobium oxychloride and chlorides of alkali metals

under conditions fixed by thermal analysis (2, 3]. Incongruently melted K2NbOCl5

was obtained by heating a mixture of the initial chlorides in a soldered evacuated

ampule of [P-15] (0-15) glass at a temperature somewhat lower than the temperature

of peritectic reaction of transformation for 25-30 hours and subsequent slow

cooling. Congruently melted Rb 2 NbOCI 5 and Cs 2 NbIOCl were obtained by alloying

the initial chlorides in soldered under vacuum (evacuated) quartz ampules at a

temperature somewhat higher than the temperature of fusion of the salt for 20-25

hours.

The obtained samples of all salts are colored a lilac color. They are stable

in an atmosphere of dry air; on huumid air they are subjected to hydrolisis with

hydrogen chloride gi-ies off; they are decomposed by water; in this niobic acid is

-211-
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deposited:

From the literature it is known that (NH4) 2 NbOC1 5 is isomorphic with

(102TIC6 and is crystallized in a cubic system of the K2 PtCl 6 type. WP a'l,_-+

that o3oidates of potassium, rubidium and cesium also have a similar structure.

PowergsuWs taken from these products confirm this.

The dimensions of a cubic cell for K NbOC1 5 , Rb XbOC1 5 and Cs 2 NbOCl 5 are
0 009.815 t 0.001 A, 10.00 1 0.01 A and 10.29 ± 0.01 A respectively.

Thus, the structure of the investigated compounds consists of octahedrons,

OC15-2, and ions of alkaline metals. The Zirst are located in nodes of face-

centered cubic grids, the second on physical diagonals of the cube.
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'The powdergrams were taken on a [URS-50-I] (YPC-50-0) diffractometer on CUKz

r-adiation. Samples were pulverized in a dry ch:mber and were flooded with oil,
which gave protection form the influence of atmospheric moisture during the survey.
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APPLICATION OF ULTRASONICS TO ACCELERATE QUANTITATIVE
DEPOSITION OF CALCIUM, MAGNESIUM

AND BARIU4

V. V. Vasillyev and I. L. Sit'ko

To solve different analytic problems we frequently resort to depo.sition of

ions in the form of poorly soluble substances. The ba Ic deficiency of this

operation is its duration.

It is natural to ansume that ultrasonics, acting thrcugh the bottom of retort

on the unstable eystem of the deposit a supersaturated solution, will promote the

fastest achievement of equilibrium between liquid and solid phases.

Ultrrasonics has huge number of applications of the most various character

[i]. Its influence is not only mechanical (splitting, mixing, dispersion,

coagulation, purification, washing, and so forth), but it also stimulates the

chemical processes (oxidation - restoration, hydrolisis, depoimerizatlon,

synthesis of certain substances and so forth). Its application in defectoscop.,

measuring layer thickness and reservoir depth and so forth are widelv, known.

For a long time ultrasonics was used to analyze solutions and gas mixtures,

the concentration of one or another component is judge by the change in the speed
*

of ultrasonics or its damping fi, 2]. However, these apparently by rar do not

exhaust the possibility of applying ultrasonics in analytic chemistry. We have

used ultrasonics in phase chemical analysis of ores [3, 41, It was established

that under the influence of ultrasonics the time necessary for full extraction of

number of lead ard copper minerals by selective solvents is decreased many

time.s.



To clarify the expediency of using ultrasonics in weight chemical analysis'

to accelerate full settling in the deposit of a poorly soluble si-hbstance, we

selected the widely known and long ago applied reactions of deposition of barium

in f form of a sulfate, calcium in the form of an oxalste and magnesium in the

fat of a& dable phosphate of magnesium and ausonlum. In just these cases, as in

.u M, for ripening of deposit and full deposition of the determined ion

pr*lowa4 stwAdi of the deposit with the mather liquor and heating or leaving

it over night before filtration is necessary.

Deposition of lone of barium, calcium and magnesium in the form of the shown

poorly soluble substances was produced by the usual means, where deposit before

fl~tratics was sustained with the mother liquor for the recomended period of time

or was left to the following day [5, 6]. Deposition of the same ions was conducted

so that upon adding a solution of reagent of the precipitator the deposit with

mother liquor was subjected to the influence of ultrasonics for five minutes with

ell other conditions of this method of deposition being equal. Filtration

followed Uvmediately after the influence ultrasonics, i.e., endurance with mother

liquor was not produced.

For this work wp applied a piezocryFtal vibrator operating with frequency

of 540 k1locycles. An eloctric generator with power of 0.75 kilowatts was hooked

up to a (GU-80] (crY-8) lamps. The anode voltage was 2 kv and plate current was

0.32 mp (with the exception of expeziments with barium ,ýulfatt" where the plate

current wa6 0.10-0,12 asp). Ultrasonic vibrations from pIVzocrystal vibrator were

tranAmitted to the transformer oil surrounding it; a 300 ml conical retort

contalning the remction mixture waa dipped I cm into the oil. The hole of the

retort was closed by a funnel.

DepositLM of Calcium in the Form of an Oxalate

The Initial substance for all experiments in depositing calcium oxalate

was a big crystal of synthetic calcite; its calcium carbonate content was close

to 10%A A weighed saple of CWCO3 was put into solution with a minimum quantity

of dilute hydrochloric acid,

ft JSMJ"ijn of calcIMS, To determine cakciu= without the

H•Lre we are actually speaking abOUt deposition of a poorly soluble substance;

t#* final determination does not have to be by weight (e.g., volume or cow'lexmeteric
d'termination )f calcium after its depoeltion in twe form of C&C200)
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influence of ultrasonics we applied the usual method (5, 6], according to which,

after adding the reagent, the deposit (CaC 2 04 ) was sustained with the mother *1
liquor at 85-90OC for 1.5 hours' or was Left till the following day.

Under the influence of ultrasonics deposition was conducted by tho 'iual t

means, except that after pouring the solution of ammonium oxalate the deposite of

CaC20• 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:
i 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% ± 0.06.

Finally, after a five-minute effect of ultrasonics twenty parallel

determinations of calcium gave an average of 99.8% ± 0.02.

Weight determination of calcium. After deposition of CaC2 Ck by the usual

means with a half-hour endurance of the deposit 85-900 C before filtration on the

one hand, and deposition of it after a five-minute effect of ultrasonics on the

other, calcium was determined by weight (form of weighing, CaO). The calcium

content in separate tests varied from 50 to 100 mg.

The following results were obtained:

Six parallel determinations of calcium without ultrasonics gave an average

of 99.9% ± 0.01.

Six parallel determinations of calcium under the influence of ultrasonics

gave an average of 99.9% ± 0.02.

Tribonometric determination of calcium. Finally, calcium was precipitated in

the form of an oxalate with final trilonometric t'trating. The calcium contert in

separate tests varied from 50 to 80 Mg.

After deposition of CaC2 04 without ultrasonics (1.5 hour endurance at 85-90°C)

six parallel determinations of calcium gave an average of 100.0% - 0.01,

'With n half-hour heating of the deponit 6 determinations of calcium gave an
,verage i 93.2% ± 0.1. Thus, far from full deposition Is observed here.

• .. . _ . i ... , m "F



Six parallel determinations of calcium under the effect of ultrasonics also

gave an average of 100.0% ± 0.02.

Deoosglt&o of #4M~esium in the Form of a Double Phosphate
S~~or" Mainesium and• AI onium,"

MNapeaul was precipitated in the form of MgNH4PO4 by the usual means, i.e.,

V11h le&ving the deposit for 5 hours, after which followed overdeposition and

again leaving it for 16 hours. Finally, the deposit was heated and weighed in

the form of a prophosphate. Parallel deposition was conducted with a five-minute

effect of ultrasonics, after which followed filtration, then overdeposition with a

five-minute effect ol: ultrasonics and then the deposit was immedfi tely filtered.

The magnesium content in separate tests varied from 5 to 12 mg.

The following results were obtained:

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% 1 0.03.

DetermInIn Barium in the Form of a Sulfate

For this work we took a weighed sample of BaC1 2 2'H2 0. Barium sx'lfate was

precipitated, as usual, with subsequent endurance of deposit with the mother

liquor for 3 hours at 85-900 C, after which followed filtration, etc., [6). In

the other series of experiments, after adding R2S04 to the hydrochloric acid

solution of barium chloride, the deposit of barium sulfate with the mother liquor

was subjected to a five-minute effect of ultrasonics, after which filtration

followed imediately. The content of barium in separate tests varied from 70 to

160 mg.

The following results were obtained:

Nine determinations of barium without application of ultrasonics gave an average

content of dihydrate of barium chloride of 9,.5% 1 0.02.

After the effect of ultrasonics twelve parallel determinations gave an Pwvrt,

centent of pure substance in tht preparation o, 99.6% t 0.03.

Cone lusions

was determined that with quantitative determinations of barium, calcium

~~~rD-i-s .-358* --.-..--.-
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and magnesium, anticipating their preliminary deposition in the form of barium

sulfate, calcium oxalate and double phosphate of magnesium and ammonium, for

practically full settling of these ions in the deposit a five-minute effect of

ultrasonics on the deposit with the mother liquor is sufficient, instead of prolonged

endurance of the deposit with the mother liquor during heating, or leaving them til

the following day before filtration.

The observed facts can apparently be a new useful application of ultralonics

in analytical chemistry.
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