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Forwarding report and noting:

"This report descrlbes a technicuc whereby very small amounts
of mixturoe of inorgunic compounds commonly found in primers
and dotonators can be anslyzoed gquantitativoly by mcans of
tho polarograph. It has been shown in O3RD 4564 thut the
palarograph' is not generally udaptable for use with alxtures
of organic nitro compovnds; nevertheless, lt is believed that
tho use of tho polarogruph, especially in ronjuncticn with &
qualitative microscopic examination ae described in OGRD 3757,
congtitutes a feagiblo lmboratory methond for the analyzis of
certnin emmunition compononts. The procedurc is cupablo of
further refinement and probably is cupabls of extonsion to
inelude other ingrediente, but it is bolioved that adaptation
of this tcchnique to specific Ordnance problems cuan begt be
mads by the Arsensls using the fundamentel work hsrein do—
seribod ag u background. Conscquently, polarogrophic work:
on this type of material has huen terminatod hy NDRC.®

Thie is the final report under Contruct OFAsr-1028 with Harvard
Univoraity. .
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Thia project was undeprteken to develop yolafograp@ic mothodll-
(1) I. ¥. Kolthoff end J. 7. Lingans, "Polerogrwphy", Interscience
Publishere, M. Y. (1941)

of anelysie for primers, prime: detonatora, and the materials used
in their manufecturs. Since these aixturss vary widely in their
composition and nature, we confined our investigations to a typical
mixture composed of potassium chlorste, cuprous thiocyanate,
entimoncue sulfide (stibnite}, lead azids, apnd merenry fulminats.

All meteriale used in thie investigation were either of
reagent grade or of Ordnence quality; most of the eamplee were
obtained from Picatinny Arsenal through the courtosy of the
Commanding Offioer. Analyecs were performed wharever it waa thought
deeirable; the results of theee analyses und other pertincat data are

liated in Teble I:
Toble I. Analysie of Materials Used

Substance Spedification Aoalysis

Antimonons sulfids 50-11-14B 97.5% theoretical Sb
Nercury fulminata 50-11-6B 101.2# theoretioal Hg
Lead azide 50-13-124 99.6% theoretical Pb, 100% Ny
Cuprous thiocyanate prepared in thie laboratory by reduction of
' reagent CusSQy, precipitation with KCNS,
waehing with dilute HpSOz, acetone and ather.
) Alr dried, ese text.
Sodiun azids E. X, Co. Reorystallized, eee text.
technioal '

[ )
-The mercuric fulminaste v 9 enalyzed by diasolving a weighed
sunple in 2 M emmonium acetate 1 the steem bath, diluting to a knowm

volume, end recording the polur.zraph.

The stibnite wae enalyzed by diseclving in concentreted
hydrochloric acid, boiling to remove hydrogen multide, dilutiom to a "

>
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volume of 100 c¢c., vhioh wee 1 M in fraa hydrochloric aecid, and
recrrding tha polarograph. Tha sulfide wee determined using the
method outlined in this raport. '

Analyeis of the load azida for lead content wes made in the
sume menner ae that for mercury in mercuric fulminates.

The ezide ion was determined cerimetrically. A sample of lead
azide woe sllowed to stend in a known volume of standsrd emmonium hexa
nitreto osrate overnight, an exceee of potaeceium iodide wes added, and
the liberated iodine titrated with standerd thiosulfata solution.

Azide Ion

A sample of technionl grada eodium ozids wae purified by
preparing a saturated aqueous sclution, precipituation with a large
volume of pure ethanocl, weshing apd drying in a vaouum dssiccator.

[

Solutione of sodium azide wara inveatigated in various suppoprting
sleotrolytes. No indication of reduction at the dropping mersury
sleotrode wus obgerved in 0.1 M potoesium nitrate, 0.001 M hydrochlorie
~ aecid, nor in 0.1 M hydrochloric aeid plus 0.2 M potassium chloride.

Aocording to Latimer® the reversible potential for the reduction of

(2} W. M. Latimer, "0Oxidation Potentialg", Prantice-Hell, Inc.,
New York {1938).

ammonjum ion end nitrogen ie +1.57 v. yz. tha saturatad calomel
electrode. BSince in spite of theoee strongly oxidizing reversibls
potsatisle no reduction wave was foumd at the dropping elactrode it
eeams that the reduction recuiree a larzer ectivation enerzy than oun
bs obtained in this manner.

It was found thet the azidae ..n producad sn gnodio (oxidation)
wave in potaesium nitrate supporting alectrolyte at tha dropping
elactrode. In those experimenta a saturatad mercurocus sulfate
eleotrode was employed, and cere wns taken to avoid treceo of chloride
ion which producae a similar anodic wave, which would interfere. The
anodic wave of azide lon etarte et o potentizl of +0.15 v. ¥g. the
saturated calomel electrods. At small concertratione tho wave gon-
eists of two pertas, but with larger coacentrations & third weve appeears.
Measurements of the snodic diffueion current juet prior to the dissolu-
tion of mercury ehow thet it ie proportionsl to the concentration up to
about 2.5 millimoler, but above thie point tha limiting current remsins
constant and almost independant of azida concentration. From the
eimilur pehevior of the halides' we believe the anodio reuotion to be

gHg+ Ny = HgplNzle + 2a (1)
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The diffusion current oconstent, ig/{Cm / t / ), determined with con-
centretions of azids ion from 0.85 to 2.30 millimolar is 2.45 £ 0.07

at 25° in 0.5 M potaesium nitrate. According to Equation 1 one
equivalent of electricity is involved per mols of azida ion. This fact,
ooupled with the above value of tha diffusion current conetaent givas a
diffueion coefficient for azide ion of 1.55 x 108 cmfaec™, which
corraeponds to a vulue of 58 ohms™l for tho eguivalent conductence.

The enodic wevo wae investigeated slso in 0.5 M sodium acetate,
ammonium acctate, escetic ecid, sodium acotate plue ecetic ucid, and
sodiun tartrate plue tartaric ccid, In all thesa casee® aithar no wava
was obaerved or elee it was inferior to that obsarved with potessium
nitrate ae supporting electrolyte.

To obtein morse infompation on whether the wave was due to the de-
polarization of the dropping €lectrode with the formation of inecluble
morouroue azide (Equation 1) or to the actusl oxidetion of thd azids
ion, the behavior of azide ion we: .investigated with & etutionmry
platinum micro-electrode.l This e.cetrode congisted of a bright
platinum wire 0.7 mm. in diamcter eealed in ths and of a soft glass
tube with 3.5 mm. exposed. The elesctrode vme cleaned in chromjio acid
and handled with the utmoet care. The raadings werc made manually
. 80 minutes after each change in the applied voltage, to allow time for
a stoady etete of diffueion to be reached., The wave thus obteined .
starts at about +0.85 v. and ie fairly well develcped. There ie no
doubt that thie wave is due to oxidution of szide ion to nitrogen
{bubblee of ges were notcd on the electrcde) according to

ma- -= mg v 2B ( 2)

Bince the anodic wave of azide ion at the platinum electrode occure at
a potential that is about 0.8 v. moro poeitive than that at the Adropping
meroury electrods, and sinoe thero ie no reason to believe that the
overvoltage at the platinum anode ie any greater than at the mercury
surface {if enything it sbould be smaller), it ie cleanr that the re-
action at the mercury eleotrode cannot be the oxidation of the azide
ion, but must be due to the oxidation of the mercury itself according
to equation 1. Alternatively, tha reaction might. bc aesumed to be the
formation of mercuric azide or an azido-mercuric camplax, but we belisve
that ajither of theee poesibilitiea is less probable thun eguation 1.

Anecdic wavee wore also cobteained at the platinum micro+cloctrode
from ammonium acstete as supporting electrolyte. In ocither ammonium
acetate or potneeium nitrate the weve occurs ot o potenticl suffi-
ciently poeitive eo that oxygen (cir) need not be removed. Although
potaeeium nitrate ia a better sup; ,ting electrolyte thon ammonium
acetate, it ie not eo esuiteble for use in the practicel anelyeis of
primers. Since ammonjum acetote would be e good extranctunt for lead
azide in primers we have ueed it to determine the relaticn between the

4
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‘limiting ourrent and the concentrat.on of azide fon. Table II contains
represantative data obteined with tue platinum encds.

] Table II :
Limiting Current end Concentration of Azide Ion et 23°
in 0.5 M Ammoniun Acetate

NaNs, millimolar i3, mioroamp. '1d/G

0.76% 3.2 R

1-48 615 ° "4

2,14 9.2 : 4.3

2.76 . 12.4 C 4.3

3.08 - 13.5 . 4.4

. 4,33 19.1 4.4

Thesa values wore measured at +l.1 v. ye. the seturated celomel elsotrode,
and are corrected for the residual current. The retio i13/C decreeeas
significantly with congentrations much larger than 3 or 4 millimolar.
¥ith very large concentrations of azide fon the current fluctuotee
erraticelly. The accurecy with which szide fen esn be daterminad by
thie technigue fe esbout + So. Each electrode must bc calibrated with
known concentrations of azide ion.

Dilute perchloric ocid was aleo tried ez & gupporting electrolyte
end gave results better than ammonium acatute und about the seme ae
potaseiuts nitrate. Some typies:l date are ehovn in Tebla IIX.

Tob .. III .
Limiting Ancdic Current & . Conoentration of Azide Yon
a8t 25¢ in 0.05 M Perchlaric Aeid with & Platinum Microslectrode

NeNg, millimolar 14 mioroamp. : 14/C

0.769 2,30 2,99
1.48 4.30 © 2.0l
2,91 _ 8.35 - .86
5.62 - 15.6 © 2.78
8.15 - 20.7 2.54

From the above it oen ba seen that the platinum microelactroda
servee fairly well for the dstermination of azide fon in oither potageium
nitrate,. perchloric acid, or ammonivm ecetste media, but only the latter
two have much eignificance in praetical enelyeis of primers. Thay should
both eerve as exiractants nt lead azids, but ammonium acetete would
probebly be a better choice than parchlorie ecid bectsuee the latter might
diesolve appreciable cmounte of antimony sulfide which ie mleo present in
aome primar mixtursa. It wlll be nacsseary to culibrnte the alactrode
with known emounte of azide ion et the eame time thet the analyais is
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¥ert ormed, sinos we have notsd that the values of 1,/C obtained with
he same aleotmde ere subject to ohange with use o? thet alsotrode.
The accurecy abteineble should be well within + 10%, whiah perhape will
serve far practiocl analysis. There {5 also a pouibility that the
method oon be improved with experience.

Sulfide ton

Sulfide ion producee & well-defined anodio wave with the dropping
mearcury olectrode in alkeline medium. Ws hevs found that in the absence
of antimony the diffusisn current of sulfide ion ie direotly propar-
tional to the concentration up to ebout 1.25 millimolar. With larger
conoantrations the velus af the diffusion current is reletively teoo
.smell. A somewhat eimilar offeat is abserved in tha cuce af the helide
icme, and in thie particuler ceee is probably due ta the depasition of
e film of the insocluble mercurio sulfide on the dmpping elegtrods.

It wes cbserved that the presence af antimony decreasea the
diffusion current af ths sulfids weve, elthough it has no efiect an the
ghape. Vhen stibnite is disealved .n o salution of pateesium tertrste
end patassium hydroxide (4 M potes. .um hydraxide plus £ M poteceium
tertrate, the enodic sulfide wave is well defimed, but the cethadio’
antimony wave is nat. A peculiar hump wus ulea nated juet prior ta
the entimony wave. This waes nat accidentcl, for it wana abserved in ell
our oxpsriments. Salutians af "synthotic™ etibnite, farmed by adding
stoichimmetric smounts af patessium entimanyl tertrate apd sodiun
sulfide ta ths alkaline tartricte electrolyte showed tha seme uafortunate
characteristices, ea they cannot bYe dues to the naturcl wmaeteriel iteelf.
Since either ian praducee an excsllent wave by itself in this medium the
abserved behaviar must be dua ta their simulteneous presence. It was
noted that solutians of stibnite in ths alkeline tartrete modium alawly
depasit e durk precipitete on stcnding & few hours. Polerographic
analysis of this reeidue indicctes that it ecantains antimomy. Table IV
ehows the effact af antimony on the sulfide wave.

Teble IV
Influenos af Antimony on Anodic Diffusion Current of Sulfide Ion
in 0.25 M Rotaseium Hydraxide, 0.125 M Potaecium Tertrute, 0.005%
Geletin (Sulfide & Sadium Sulfide, Antimony ns Potassium Antimonyl Tartrate

, millimolar 1a/tcm % 1/e,
sulfide ian

S', millimolor spttt

0.587 0.000
°I565 ) 0.195
0.546 0.383
0.528 1.29
0.510 ' N

¥rom the ebove regulte it appeurs reesoneble to beliove that im
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au alknline tartrete eolution containing both entimony sulfide part of
the sulfide exists in & complex with the entimony. In the absenoe of
sulfide the antimony 1s poselbly presant as &« hydroxy-tertrato oomplex,
but when the sulfide i1e edded it apparently replaces part of the
hydroxy or tertrato groups, so that there them existe a hydroxy-
tertrato~eulfido complex. Such s complex would undoubtedly zive e
"gulfide® wave, but slnee the size of such = complex 1ls much greater
then that of the sulfide ion, ite diffueion current ocnstant is much
smaller. Therefars the existence of such e camplex would account for
the anomaloue behavior we have observed. OQur crporienoes thue far led
us to eecertain whethar the diffueion current is proportional to the
concentration of sulfide lon when the ratio of sulfur to sntimony is
congtant. In many sxpsriments s falr proportionelity wes obaerved,
but diffioultise, later traced to zir oxidstion of tha pulfide,
convinced uws that attempts to determine sulfide in the presence of
antimony were not profitebls, and we abzndoned this line of endeavor.

Lead, Mercu and Ant Ions

Previcusly published invectigations® heave showm thet the wave

--q--.----—-gib--ql-.,- '

{3) J. 7. Lingens, Ind. Eng. Chem., Anel. Ed., 15, 583 (1943).

of + 3 antimony precedesthet of 1. d in 1 N hydrochloric acid, but
that in 1 N sodium hydroxide the ¢ . -der 1s revereed. Both wavee are
well defined in botk media, and are direotly proportional to the con-
centration over the eniiro practicel pelerographie raunge. The
simultanaous polarographic determinstion of thesa tvio metals presente
no problem. If the lead predcminatee an acid mediwm is oslled for,
and vice versa. Good waves ere also obtained in alkeline tertrate;
the lead wave oomes firet and agaln both aro well defihed. Satis-
factory waves are also obtained in 1 N nitrie aeld.

Meroury producee a good wave which in all ceeas sterts from
gero applied woltsgze. Thie wave 15 well defined, apd proportional
to the congentration over the runge of the method.

gupric Ion

The cuproue thlodyenate used in this investigntion wee prepared
in thie leboratory. It was analyzed by the 1odometric method and was
found to oontoin 96.4% of ths theoreticel umount of coppar.

It was found that 50 mg, of thie materlsl would not dieeolve in
o gohvenlent volume (50 ec.) of 2 ¥ azmonium acetate or potsssium
nitrate, It war found thet the addition of oxidizing egents increesee
the solybility markedly, and 30% hydrogen peroxida was fipally choeen,
ginee any excess could be convenlemtly boiled off without contaminatiom
of the salutions. .

S




Lingane* hae previcusly rsparted ths bebavior of the cuprie-

e e T .

(4) J. J. Lingene, J. Am. Chem, Sos., 65, 866 (1943},

tartrato complex. In en acid tartrate mediwm one well-dsfined step is
obteined, while in basic tartrate e doublet ie found. Neutrzl tartrate
also gives e eingle wave. In ammonie-ammonium chloride a doublet is
obteined, but in smmonium acetete - acid tartrats mixtures only a single

. wave le observed.

Summary of Pols ozrephic Charectsristiocs

Ths half-weve potentiale snd the diffueion current constants of
the chief metallic conetituents of primers were determined in various
supporting electrolytes. Using these velues concentmations cun be found
directly from meesured diffusion currentc end the knovn vrluves of m end
t for the electrode.® Table V 1ists the data. All half-wavs potential
veluee are referred to the eetursted calomel electrode, diffueion
currente were measured at '25.0° C, and 0.01% of gelatin wona preeant in
all supporting electrolytes es & maximum suppreesor.

Table V. Polarogrephio Constunts ol Primer Metsle

Bupporting Electrolyte E%, volts id/ lcnalstlh

§& o P Hg B oCcu P He
0% -0.43  5.5¢ 3.30 3.86

1 MHCL "~ -0.15
0.3 M Zn(NOs) .

¢ 1M ENOS =0.025 -0.40 2.3¢ 3.50 2.67
1M NHy + 1 M NH.CL 0.2 3.75

0.4 M sodium tartrate ]
+ 0.1 ¥ epdium hydro- -0.09 -0.48 3,40 2.37 2.3

gon tartrate
0.5 ¥ sodium tartrits -0.18 -0.50 3.90 2.24 2.3

0.5 M eodium tartrats 0. 10 : . ) )
+ 0.1 M NaOH -1.30 I-O.'?B 2.5 == 2.39

M HBC1 + 0.3 M KC1 + o 74:56
.£ M terteric agia « 56 .

-0.26 g -
_°.w "0-45 : - SQm 32"- 5'“

ammonium acstats + .
M eodiwn tartrate o

M eodium hydrog -0.19 -0.50
rate .




Generel Plan of Analysis:

We first sought to separate the various components from mixturea
preliminary to polarographic analysis. These mixtures were made by
weighing out known quentities of potussium chlorate, stibnite, lemd
azide, mercury fulminatae, end cuprous thiocyenate. Separation af the
stibnite was sffeoted by sxtruction with amvonium acetste containing a
small amount of hydrogen peroxide, which dissolved evsrything exospt
the stibnite. .

The residue of stibnite is diesolved in an slkeline tartrats
. solution, the solution is then ascidified strongly with hydrochlorio
aoid, snd the hydrogen sulfide evolved is absorbed in en sxcsss of a
* standard iodino solution, which is finally back-titrrteu with standard
thiosulfate solution. Ths residual meid solution in the atill is
diluted to & known volume, cnd its antimony content 18 determined

polzrographiocally.

) An & Tesult of much trisl sand error the spperatus shows in
Fig. 1 wus finolly developed for the sulfide dotermination. The
80-00. flosk (A) has two side tubes, one far the slow strom of
purified nitrogen vhich is swept through the syotem constuntly to
prevent eir oxidation &nd the other to serve os & roservoir for the
conoentrotsd hydrochlario oeld used to evolve the hydrogen sulfids
from the dissolved stibnite. Since antimony trichloride is
appreciably volatile at temperatures in the noighborbood of 100° C.,
the flask wac fitted by a ground joint to the condenser {B). The
hydrogen sulfide ia collocted in &8 250-ce. bottle, fitted with a
gas-1ift type bubbler tube (C), whiech contains the gtanderd iodine
solution. Ae & supplementary absorber the cutlst from this bottle
is passed into s test-tube (D) which contcine u few cubie centimeters
.of dilute potassium hydroxide. Before titration of the excess
iodine the contents of (D) ore addod to (C). Taeble VI givee the
results far the determination of sulfur in seversl stibnite samples.

Tabls VI ,
Determination of Sulfur in Stibnits

Stibnite sulfide recovery
ng. %

18.28 98.0
28.4 94.1
2.2 96.0

That the evsrage recovery of sulfur in stibnite is several per oemt low
is not surprising. Experiments have shown thot the swaples we used
ocontained about 2% of material insoluble in the alkeline tartrate
golution (probrbly siliceous material), & amall amount of lead
{probebly as gulensa), and £ small smount of iron. If this lest is

. )
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preeent in the ferric etate it will ¢suse low results for sulfur
when tho eample ie aoldified due to the raaotion,

sg+od. (3)

2Fe +44 HeS = 2J'e ++
Emall dopouiu of free sulfur were noted on the inner tube of the
condeneer from t.hiu reaction.,

The simultenecus determination of mercury, copper, and lead was
first sttempted by direct polarogrsphy of the armmonium nocetete extraot
from vhioh the etibnite had been eeparatad. Regulte were diecouragingly
low, and addition of eodium tartrate plus eodium hydrogen tartrate did
nct improve them. Experiments with the metale individuslly pointed to
mercurio fulminate ae the eource of difficully, apperently through
ecme oxidation product of the fulminate ion. 'Attempte to recover the
metale by a sulfide precipitation and subeeiuent eolution with nitric
ecid were alec unpatisfactory. It wee finelly decided to atteapt to
recover the free metele from the axtroct by plating them out onh & metel
more baee than eny ordinarily encounterod in Ordnence materiel. Z2Zinc
wae choeen oinoe ite wave occure at a potenticl considerably more
nagative than those of the other metels. The plated zinc can bo die-
eolved in nitrio aocid, and, after .-.iuting to a known volume the mer-
oury, lead, end copper in this scluiion cem be determined simultaneouely
from a single polerogrem. Thnt thie proceture ie eotiereotory is
indicated by the resulte shown in Tablo VII.

Table VII, Recovery of Known Metul Samplec by Zing Plating Method

Metal taken, mg. Metel found, ng. Reoovary, %

Hg'14.1 100.0
Cu 0.34 100.0
Pb 11.6 . 100.0
20.2 . 99.0
0.49 100.0
16.6 100.0

40,2 99.0
100.0

100.0

96.7
100.0
100.0

100.0
100.0
100.0
. 96.2
100.0
100.0

97.0
100.8
: 100,90
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In these experimsnte the metals were sdded to the ammonium
asetste extracting soluticn in the form of standard solutions of their
filtretesa, and the foregoing procedure wue then applied., The precision
of the meacurements was sbout * 2%, end it appeared to be limited only
by the accuracy of measuring the wave heights., Fig. 2 is & repre-
ssntative polarogram ocbtained by this proocdure, in which wave & is -
due to mercury (0,101 millimolar), weve b due to copper (0.077 milli-

molar), and wave ¢ due to lesd (0.080 millimolar).

Detailed Method of Anslyeia

Te the primer sample, which may contuin mercuric fulminats, lsad
ezide, ocuproue thiocysrnate, stibmits, end poteesium chlorcte or nitrate,
ie added 40 co. of 2 M gmmonivm ac uate end 2 gc. of 307 hydrogen
peroxide. The eolution ia warmed under reflux on the stermi bath until
complsts solution of mll but the etibmite has taken place. The reaidue
- of stibnitc ie collected on a filtor end wrehed with 10 cc. of the
originel emmonium acetetc eolution. The extruet end the weshinge are
combined in & 155-ce. Erlenmeyor flask. To this solution ia added
2.00 g, of 20-mesh zinec of the highest purity on which o blank hre
previously been run. The flask ie then fittod with =« amell paddle
stirrer cnd atirred for two hours at such a rate that the major portion
of the zine is mildly tumblod et ell times., It ie zévisszhle to add the
zine in two portione, & gram at a time, ebout an hour apart. This ie
due to the feet that se itho copper plates out it slows the removil of
the mercury. By widing the zine in two portions the copper is lurgely
ramoved on the firet portion, leeving the fresh surfsce of the eecond
for the removel of the mercury. At the end of the plating peried the
metsal ie collected, end to it are added 1l c¢¢. of concentrated nitriec
acid (dropwise, and with ecooling}, the caleulated quentity to dissolve
the zinc and give a final concentration of 1 M free nitrie acid. The
eolution is quentitatively traneferred to a 100-cc. volumetrie flask,

1l cc. of 1% gslatin added, and the solution brought to volume. It ia
then polarographod, msing s esturated mercurcus sulfate electrode in
the H-cell of Lingene and Leitinen.® From the meseured diffueion

() J. J. Lingene and H. A. Laitinen, Ind. Eng. Chem., Anal. Ed.,
11, 504 {1939},

current,® drop-time, and m-value the concentrations ars oalculabh.‘_'

The stibnite residue ia plac . in the flaek of the eulfide etill
with 10 cc. of slksline tartrate sviution (2 M potessium tertrats +
1 M KOH}. To the main receiver is added 5.0 g. of reagent quelity
potassium iodide end a sufficient volumc of standerd potassium iodate
to leave en exceee of about 207% above that regquired by the expected
amount of hydrogon sulfide. Then S co. of 0.2 M potassium hydroxide
is placed in the test-tube, the jointe ere lightly lubricated with
petroleum jelly, and the mpparstus is essembled. 4 slow current of

1
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nitrogen ic bubbled through the sy tem for ten mimutes to sweep out
the air, and then a small fleme from a micro burner is applied to the
8t1ll flask. The eclution i1s brought to the bolling point and held-
there until solution of the stibnite has taken place, usually ahbout

" thirty minutes. After boiling for fiftaen minutes of this time, the
recoiving bottla is slipped below the bubblar tube, 15 co. of 1 M
bhydrochlorio neid is added, and the bottle quiekly replaced. Ten oec.
of concentrated hydrochloric acid is then added tn the still reservoir,
a quantity suffisient to maka the contenta of the etill 4-5 M in free
acid, and to maka the eclution, upon dilution to 100 ce., 1 M in free
aocid. .

Vhen solution is complete tho flame is removed, the flask
nllowed to ocool elightly, and the nitrogen stream ndjusted so thet
bubblas atill iesue elowly and regularly from tho ebsorption system.
The concentratad acid ie added to the still flnsk through the stopooek,
the fleme agein cpplied, the nitrogen atresm readjusted, &nd the
distilletion sllowed to proceed for one hour. At the end of the
dietillation the bubbler ia rlipped from the rubber connection, the
contents of the test-tube added to the main recei ver, and the bubbler
and test-tube sre washed into the main receiver. The whole solution
ie jmmedjutely titrvted with stunderd sodium thiosulfate, using stereh
ns an indicotor in the usual mennar.

The solution in the still flesk is trensferred, with the washings
from the ioner tuh: of the condenser, to e 100-ce. volumetrie flsek,
1 cc. of 1» gelatin solution is mdded, nnd tho solution is brought to
volume. The antimony weve is then -ecorded in the same menncyr ns the
other metals, and the same technigr . epplied to determine the oon-
centration.

Digcussion of Results

Table VIII contalns data on the couplete analysis aceording to
the mothods herein cutlined. It can be eeen that the recovery of
meroury is the poorest of eny of the metels involved. The precenece of
thineyanate ion or ite oxidation producte does not seam to affect the
recovery of lead, which is approximutely the eame in the oases where
thiocyenste ion is or ie not present.

The sulfide determination is subjeet to errors alroady pointed
-out, the pogsible oxidation by ferrie¢ iron, and incomplete absorption
by the iodine {wo found it pruotioelly impossible to obtzin complete
_abeorption of the gme in any medium used). Therefore the antimony would
ba & more reliable guide to the stibnite content. . -~




Table VIII
Analysis of Synthetie Primer Mixturss

Seu- ¥Wt. sampls, mg. g : 4 Rscovery
pls g
No. Hgz(OCN); OuCNS PbOHNg Hg Cu Pb 5b

jen
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.

33.6 18.8 27.0 46.2 97.4 95.0
25.9 B. 29.0 53.3 78.2 93.5
26.5 1l1. 37.8 96.3 93.6 94.8
28.0 9. 98.2 96.7 93.0
5.
&
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29,0 100.0 96,6 99.1
13,9 . 99.0 106.0 90.0

50,8 95.0 98,1
102.3 99.4 97.6
24.3 91.8 .  95.3
MR 95.0 92.9
15.8 . 18.7 69.4 76.6
16.8 . : 98.4 98.0
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(potaésium chlorsto was prssent in all semplss in
ths sams ordsr of wsight as tha othsr components)

Ws have dstsrmined that ths plating process is ocomplately :
sffioient, so that ths obssrvsd srrors cannot bs due to thia stop. A
posaible sourcs of orror is incomplsts extraction of ths components
by ths ammonium acstuts. If this is the ouss, part of ths "solubls"
matsrial will remein with tha atibnits rssidus, end cen then bs found
with the antijony. When this happens ths rfinsl concentration of mstal
c¢an be regardsd as ths sum of ths concantrations obtainsd from ths
plated zino end that found with the entimony rssidue.

We fsel that in addition to furnishing & roughly quantitetive
voltenmstric anelysis for ths azids ion, we have devsloped o quasntitativs
polarographio method for tha enaelysis of simple primsr mixturss, which
eesn bo sxtanded to inoluds other components, end which cen doubtlees bs
improved by furthsr sxpsrimentation.

Ackmowlsdgment: - Ths sxpsriments involving azids ion wera dme
lergely with ths aid of Mr. Lso Kovar, and
ths remeinder of ths work was dons with the assistznca of
Mr. Robsrt Dryer, both Che' ical Rssearch Assistants on
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