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TRI POLAROORAPltIC D:t!J!!INATION or 
COPPER1 LIAD A.ND CAOOtJM 

DI HIGH PURI'IT .ZINC fl.JAY~ 

lletallurgi•'• b.an toWMl ln recent J••r• 'hat _inc•• ·ot 1••4• oedmlua 

an4 tia in. sine-baa• 41a-oaa'Uq el101e tenet to aaaae 111,ergnn.ul.ar oorroatoa, 

which re1Ul.te 111.a aerioue weaken.inc ot the allc7. ror this reaaon apeoltioetioa• 

tor the·manutao•ure or these ello1• are very rigid• ottea requiring that lead ab.all 

not exceed o.ooa per oeni, oada1wa 0•003 per oent. and tin 0.001 per oen\. The 

pu:rpoae ot thia in'feat.tption ••• t.o d.e•elop a •1•t• ot aaal7aia tor sine 41•-: 

casting alloya ot the •Mazak" tn• in whloh the polarograph could be •••d •1~ 

advantage to de\eraine traoe amounts to 10-4 per cent with h1g) preeisioa aa4 

800\U'llCJ• 

Th• 4et~rainatioa ot traea quantitiea by wet method• of anal7•1• 1a 

exoeed1ngl7 diftioult. It ta u•uall1 aeoeaee:ey to uae large sample• (100 gm. or 

more), and to malte repeated time-consuming •eparationa. The polarographic method, 

on the other hand• ia ••aentielly a mioro-aethod 1 the v•1:'7 aature ot wh1oh greatl7 

reduce• the nec•••01 tor Mlt1ng aeparatlon•, aa4 1• • procedure which compared 

very ta-..ouralll1 with the apect.roohemioal dthod with respect to tlle U.aita ot 

determination po•lible. In ad41t1oa. a polarographio 4eterm1aat1on, where eppl1oabl• 

ia oonaiden.bl7 cheaper than a spectroohemioal determination., ud can often 'be oarrie 

out more rapidly. 

• P~per presented before A. c. s. at Detroit. April 15, 1943 and eubmitte4 to 

In~. Jng. Chem,, Anal. Ed. tor publication. Dr. H. G. Thod•• co-author. 
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He7roYak76 in a r•Yiew ot the applieationa ot polarograph7 noted that it. 

1• poaeible to determine lead and oadmiua in s1nc. Cun•• are g1Tea tor a o.D ~· 

umple in 15 ml. or B.01 in which the eoncen:tratioa ot Pb is o.0050 ~ an4 Od ia ... 
u 3 o.0037 ~. Terui deteri-~in•d lead and cadmium to the nearest l z 10- • bJ 

d1asolY1ng e gm.. ot zinc in 70 ml.. ot 5N RCl with a tew drops ot Hlll0
3 

an4 

evaporating to 50 ml· .Enasun.5 reported a method tor lead. and cadmium. in pure 
,,, 

zinc using the polaro;~raph in whioh tbe zin<: was diaaolve4 in nitrio ac14, and the 

resulting solution combined with dittereat 'base aolut1ona. The lead an4 cacba1ua 

were determined aeparatel11 'the lead with an accuracy ot 20 ~of the total·uioUD.t 

.3,. -44 . present troa 3 x 10 % to 5 x 10 ~ on •hst would correspond to a 100 gm.. arunple 

in one litre ot solution. Kroaaia9 applied the polarograph to the aaelyaia 

an4 aluminum-bearing zinc alloys tor lead and bi&muth by meelUI ot a precipitation 

with sodium aulphide. Seith and lech~lO determined lead, oa4a.1um, b1811luth• thallium 

and tin il'l zinc by the polarographio method. 'lne lead, cadmium and biarruth were 

determined atmultaneously bf tr~atlng a fi gm. sample with HCl and diluting to 

25 mi. betore electrolyeia at 28 °c. The thallium &nd tin were determined bJ 

4itterence trom the su• ot cadmium and thallium, and lead and Un reapectiv•lY• 

Reaul ts are reported to the nearest l x io•3 ~ ex.cept tor tin whioh is lim1 ted to 

1.6 x 10~3 •· Hohn7 in a review ot polarographic methods ot analysis outlined a 

aetho4 tor copper, lee.4 and cadmium in zinc, but made no mention of the aceursc7 

or preeislon ot the method. 

In the work reviewed above. only one paper deal• with tbe'detel'llination 

ot impur1 tiea in tine all,_ys, and this involves en. objec·Uonable aulphlde seperettoa 

•1th ita attendant errors. The present in•eatigation ••• undertaken 1n an ettort to 

deYelop a method tor the direct detel'ID1nat1on ot copper, lead and cadmium in high 

purity zino•baae dle-ossting alloye. of the •Jlazsk" type with special empha11a oa the 

ecourecy and precision in the region ot icr' ~. 
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A• an 1n41catilm\ot the types ot iapuritiea in zinc and zinc 41•-oaating 

alloys,, ea well ea the conoentra'tiou e.mployed 1 the follt>wing tables ere included. 

Table I 

s. A. E. No. 903 s. A. E. Mo. 921 s. A. E. No. 926 
A. s. T. M. 

Copper 0.10 tilax. 

Aluain• 3.e; .... 3 

Magnesium o.os-o.oa 
Iron-Max. 0.100 

Leeui•Mex. 0.007 

Cadmium-Max. 0.005 

· CJ.,in-Max. 0.005· 

Zinc Remainder 

No. XX III A. (':" .... >. T. ~1 
~~ . No. 

2.e-1.5 

3.5-4.5 

o.oa-0.10 

0.100 

0.007 

0.005 

0.005 

Remainder 

Table II 

wrought Zino aa4 Zinc Allozs 
Compoait1on per oent. 

Grades Pb Fe Max Cd Ou 

.A 0.05 max • 0.010 0.005 max. 0.001 max. 

B 0.00-0.u>. 0.012 
0.005 -·· 0.001 max. 

c o.ao 0.010 0.20-0.35 o.oot> max. 

D 0.00-0.12 0.012 0.005 ax. 0.05.1.at> 

E 0.05-0.12 0.015 0.005 :max. 0.75 ... 1.25. 

XXI A. S. ·T. M. lfo. XIV 

0.,.5 ... 1.21 

3.t)..i.3 

0.02-0.oa 

0.100 

o.oo? 

o.ooo 
o.ooa 

Remainder 

~ Zn 

reuiade:r 

reaa1n4er 

remainder 

reuiader 

o.oo?-0.02 nmainder 

•rhe maximum limit or ir;1purities haa been materially reduced in recent years, and so 
'he above ts'blea are merel7 an indicator ot the trend. 



sum ot 
Lead Iron Cadmium Al•inua Pb, ,.,, -

(la) Special High grade• Max., per cent 0.007 0.001 0.0015 Hone 0~010 

(l) High grade, max., per cen't 0.01 0.01 o.o., None 0.10 

(I) Intermediate, max., per cent 0.20 0.03 0.50 None 0.50' 

(3) Braaa Speelal, max., per cent 0.60 o.os 0.50 None l•O 

(4) Selected., max., per cen' o.so 0.04 o.75 None 1.26 

(5) Prime Western, max., per cen\ 1.eo o.oa ---- ...... ~ ----
Table IV 

Peroentage•Oone•n,rat1on; 

(Ba•1•·1 P• in 50 ml··) 

11.emeat Oom;eoe1't1on Ooaoeatration 
(p•r oent) (molar) 

Copper 0.01 2.!:> x 10-' 

Aluminum i.o •2 
6.02 s: 10 

Magneaium 0.01 ih56 s 10 
.... 

Iron 0.01 
-4 2.so x io 

Lead 0.001 
-6 

"l.71 x 10 

Cadmillll 0.0001 1.42 x 10 
-6 

Tin 0.0001 1.35 x 10 ·6 

Zinc 10.0 2.43 :x 10 •l 
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It is not uncommon tor zinc to oonta1a the following elements, Tia, 

antimon7, arsenic, lead, bimamth• cadmium, aopper, iron, nickel, oo'balt, m&Dg&Ra••• 

aluminum, thall1WI, indium, silver, merc\lrJ, aa trace elements, Magnesium and 

aluminum. are used aa alloying elements in Zemak type die-caat1Jlg allo7s. Trac•• 

ot germanium. \and gallium ere also to 'be found, (ct. Bur. Stda, Zinc Speltera Noa. 

108 and 110). 

ApP!ratus and Reagents 

The preliminar1 studies were ma.de with a Leeds and Northrup •Electro­

chemogreph•, and the work waa concluded with an Heyrovaky Polarograph Model XI 

(E. H. Sargent and Oo.).· The galvanometer aenaitivity on the Sargen' instrument 

waa 0.0087 uA/BIA• at l metre. The same capillary was used throughout the 

investigation. The capillary conatP.nt in 4.8 M 1,,.ne1
2 

was tound to be 1.37 mg. 

2/3 seo. -!when h:: 36.5 ems •• t.., 3.3 secs., and temp.': 25t0.15 °o. 
When the curves showed irregularities traceable to fluctuations in the 

drop-time the capillary was cleanedf with oone. BRO 3 as directed. by Kolthott end 

Llnganl. The pressure on the dropping electrode wee maintained by using the 

Leeds and 'Northrup electrode assembly in conjunction with a large tlaak to sen• a: 

a presaure regulator. ·This kept the preaaure eonst::nt to within to,.5 mm. 

*The L a:nd N "Eleetro-chemogra.ph" was kindly loaned to us by ihe University ot 
Toronto. 

(At one time. the capillary became plugged so ti{!htly that it was necessary to 
remove the obstruction. T~;e obstruction was :round to be a piece ot rubber trom 
the connector.. 'l'h.18 wea because a aott type ot artiticial rubber wea used which 
chipped easily .• 



• 
ot Ilg for perioda or not leaa than tort7-t1ve minutes. An ordinsr7 electrol7sia 

cell with an internal anode waa used throughout these experiments. (l'lts =I)• A 

eupplJ ot pure merOurJ was kept ooaetantlr on hand by an automatic Hg still ot 

the author"' 4ealsn• (Jig. t). The wave heights were measured by the slope 

1nteroept method• 1.e. atreight line• were drawn along the principal slope• 

ot the wave. and the vertical distance between the points ot intersection ot the 

projeotiOA• ot these lines wee measured with a millimetre scale. (fig. 1.). All 
0 

the work was carried out at 2:st.0.5 c. 

1':$oat cammercie.l reagents contain traces of various elements aa 

impurities and sa a result it was found necessary to oheclc the purity ot the 

reagents uaed under the con41t1one existing in the procedure outlined belo•• 

It waa not possible to procure zinc metal ot such purity that no wevea were 

obtained under the operating condiUona. The checks were, thereto.re, carried 

out in the following manner; 

A sample or zinc was made unitorm by reducing the sample to shavinga 

and mixing. A portion of thia aemple was analysed polarographically using the 

procedure outlined, without additions ot metal ion•• '!'his gave the residual 

current tor the enauing determination.a. 

Cone. HCl (Sp. Gr. 1.19) 100 ml• of cone. HCl were evaporated almost 
to drrnesa in a 12t; ml. pyrex 'beaker. An e ;;-.ra~ aample ot the above 
zinc was then added to this residual liquid and the whole carried 
throuti;h the procedure tor enalyals. Atter subtracting the residual 
current due to the zinis it was tound thet.~r the 32 ml. ot HCl requ1re4, 
a correction of o x 10 .~ or Cd end 5 x 10 % ot Cu would have to be 
applied. No trace or lead was found. \110 mi. HCl gAVe o.0091 uA tor· 
Ou anCl 0.0076 uA tor Od). 

Cone. HN01 (SP• Gr. 1.42) 100 ml· of cone. HR03 were treated in a 
manner similar to the t uaed tor the HC. No treoee of Cu or Pb were 
found but Cd correspondiag to o.00015 ~ on gram zinc sample was 
detected. Ineemuoh ea the amounts ot HN03used were aeldom. in exceaa 
ot 10 ml., th1a amount ot ca·waa considered to be negligible for 
the present purpoae. 
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Bydroqlamine Hzdrooh~oride (Ul 10 ml. ot IN NH fH HCl were 
evaporated almost to 4ryaeaa and treated as was the HCl· (Caution•-­
violent action when zino ad4•d). No ire.oea or Ou, Pb, or 04 were 
tound. 

Gelatin SOln. {0.2! aqu,eoua) 1 gram ot gelatin was aabed in. a porcela1a 
crucible and the residue taken up in a tew ml•• ot cone. HOl. The 
content• ot the crucible ·~ then added to a qio •ample ae tor HCl. 
cu corresponding to 3 x 10 ~ and 04 to 1 x 10 ~ in an e gram zinc 
sample were round. Since onl7 2.5 ml• ot the o.a% solution are used in 
en analysts, these impurities were oonaidered to be negligible. 

Distilled Weter 500 ml. ot water were evaporated to dryn.esa and treated 
as for ROl· No detectable amount• otcu, Pb, or Cd were tound. 

Using the procedure to be descrlbe4 .~elow, it was round that the oYerall 

ettect, ot f.m;puri tie• in the reagent amount• to cr-o.oooor;i., Pb•o.oooo~, Cd•O.oooo~. 

These amounts may be neglected tor .most purpoaea. 

The 1tandard aolution or copper, lead end eadmiwa required tor the 

calibration ot the capillary were prepared .by diluting stock solutions. 

Sta. stock Soln• For ,Copper A 0.2 M solution of Cu(NO ~ 2 waa prepared by diasolvi 
12.714 grams ot electrolytic copper in dilute nitric acid and diluting l liter. 
'.Phis solution was analysed by slow electrical deposition w1 th tll.e f'ollowin.g 
results. 

Detn. No. Volume Stoot Weight Cu. Deviation. 
Soln. (ml.) (f4!!•) .<P.·> 

l 215.00 0.3152 t 0.0003 

2 25.00 0•3146 -0.0003 

3 25.00 o.3148 -0.0001 

4 26.00 0.3149 !o.oooo 

ATerage 0.3141 to.0002 p./25 

~olarity-O.ltBI Z;o.0002M. 

Std. Stock SOlih ror Cadm~ A 0.2 M soluti.s>n of Cd(N03) a was prepared by 
dissolving 22.496 grams o~ C1P1 cadmium in dilute n1trio acid and diluting to 
l liter. Thia solution wvs analysed by electro•depoa1t1on according to the 



A.S.T.M. method. The etook solution was diluted ls5 with distilled water in order 
to obtain a eatietactory Tolume to measure out the Cd. Volumes below are tor 
diluted aolutions. 

Detn. No. Vol. 1:5 Stock Weight Cd Devi.ation 
Sp.J.n. (ml.) te•·l (gm•·> 

1 25.00 0.1120 -0.0002 

2 25.00 0.1144• .,.. 0.0022 

3 25.00 0.1125 1-Q.0003 

" 25.00 0.1122 0.0000 

Average* 0.1121 to.0002 gram 

Molarity- 0.1995 
~ 
-0.0004 M. 

Std. stock Soln• For Lead A 0.2 M •olution or Pb(NQs~ was prepared by 
diasolving 41.458 grams of c.P. lead 1n dilute nitric acid and diluting to 1 liter. 
This solution was anal.7aed (1) b1 eleetrodepoaltion and {2) by the lead acid 
method with the following results. Stock solution wee diluted 1:10 tor these 
tests. 

{ i) 
Detn. Jo. Weight Pb 

p/25 ml· 
Vol. 1:10 Stock Weight Pbth 
Soln. (ml.) <6!8· l .. 

1 25.oo 0.1113 0.1014, 

2 25.00 0.11&7 0.1001 

3 215.00 0.1194 0.1024 

4 19.00 o.oae4 0.1005 

0.1013 

.J 
Molarity - 0.195e t..0.0012 M· 

+ Reeul ta auspected low beca\lse ot poor adherence ot PbO to electrode. 
2 

Deviation. 
gm.J,25 ml. 

1-0.0001 

.0.0004 

+0.0011 

... o.oooe 
+--o.oooe 

• The electrode here waa dried by igniting the residual alcohol. Dark apots 
developed. Possible CdO. Not included in average. 



' 
(U) 
Detn. No. Vol. 1:10 Stock Weight PbS(I Weight Pb Deviation 

Soln. {ml.) gram• srama/2&al. 1rw Pb/80 Ill· 

l 25.00 0.1498 0.1024 -o.oooa 
2 !5.00 0.1504 0.1028 -t-0.0002 

3 oo.oo 0.3004 0.1027 +0.0001 

4 50.00 0.3002 0.1026 :.0.0000 

Avenge 0.1026 to.0001 

Molarity ~ 0.1981 ~0.0002 M (accepted) 

Prooe4un 

After a tew experiments as to ee.aplA aize and other detail•• ·auch aa 

the aruou.nt ot acid necessary• bubbling time, eto., the follo•dng procedure waa 

adopted es aatisteotory. 

To 8 gram• ot turning& in a 125 .ml. pyrex beaker, add slowly 25 ml. ot 
cone. HCl. After the tirat violent reaction baa auba14e4, add caut1oualy ~ t•• 
ml. or eonc. BN03• and warm to effect solution. lb.en solution 1• complete, add 
autticient Bl'03to make the volume ot added BN03 5 ml. Evaporate on a hot aand 
bath until salt• crystallize out, and the mixture boils like·e thioJt syrup. It 
desired, the evaporation may be hastened aomewhat bJ oare,ful heating on a wire 
gauze. Allow the mixture to cool tor a abort time, or until solid. Wash down 
with distilled water until about ten mi. of water ·have been added. Add •••en 
ml. ot cone. HCl ud heat on a sand bath until any llydrolyaed aluminum 1s red1a-
sol ved. Thia may require l0-15 minutes. Transfer to a oO ml. volumetric tlaek 
with the mini.Brum ot distilled water. Add 2 .5 ml. ot 0.2% gelatin solution end 
0.1 ml. or SN NH20H HCl. Shake end heat until the aolut1on becomes colourleea. 
It necessary, add a second portion ot NH20H.HCl. Dilute with freshly boiled 
distilled water, cool, and dilute to volume. Bubble with nitrogen in the electrol7ai 
oell tor 15-20 minutes to remove diaaol11ed oxygen, and electrol7se from -0.04Y 
to the discharge poientiel ot the 8Up~ort1ng electrol7te (app~ox. -0.Sv) 
using a bridge potential or lv. Th• aensitivitr ahould be adjusted to give the 
lergeat possible eteps in the curves. 

uccasionally a solution mey remain coloured in spite ot a large exceaa ot 
hydroxylsn1int?. It tb.e excesa corree:ponda to 100-200 times the amount ot iron 
present, this colour can uauall7 be ignored. 
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Tee ferric iron is readil7 reduced to the terroua atate b7 treating the 

' warm hydrochlorio acid solution with h7drox7lam1ne. In thie state, the iron will 

not interfere •1th the determination ot the copper, lead, and oeclmium. Strubl 

alao made uae ot thie reagent in the analysis ot zino•blexa4e, whioh waa high i:a 1 

The time required tor a determination ot copper, lead, and cadmium in.a 

zinc-be•• alloy using the above procedure 1• a.bout three hours. Howe'Yer, a large 

number ot samples m&J be run at the aame till• aa only ten minutes are required 

tor e. polarogram atter the aample 1e prepared. 

In the event that copper 11 present in the alloy 1a exceea or 0.1~. 

advisable. to remove the copper b7 eleotro-depoeitio.n from DO 3 aolution ae tollowa1 

To 8 grama ot zino in a tall form 2f>O 111. beaker add 50 mi. H20 and then 
add 23 ml. BN03 in small portions. lhen all the acid ha• been added, boil to 
complete solution, dilute to 100 ml. (or suttic1ent ~olwne to cover the electrode) 
and electrolyze at 4 amps. and 3 to 4 volte tor 1 hour with a rotating gauze anode 
and a gauze cathode.· At the en4 of this time. waah down the oover glass and 
beaker and continue tor another f1Te·m1nutea. Caretully remo'Ye the cathode while 
washing with a heavy etreem ot water. Under no circumatencea ehould the circuit 
be broken b<..tore the electrode 1• completely tree ot acid. Binee the electrode 
several timea in 9~ alcohol, ahake tree ot exceaa alcohol and dry be rel'ol ... l!ll' 
rapidly over a buneea flame atter igniting the tlla ot alcohol. Weigh as pure 
Cu. The anode, which may have Pb02 deposited, is replaced 1n the electrolyte and, 
the whole heated to boiling. The electrode 1• then waahed and removed and the 
solution boiled down to 1nc1p1£:11t orratalUzaiion. ffCl ia then added and the 
procedure carried out aa tor zinc which ia low in copper. Care must be taken 
to remoTe the large exaeaa of 1:1110~ To do thia, an extra eTapo:ration with 10 .ml. 
ot HCl ia reoommended 'before ihe a441Uon of the '! ml. ot HCl and 10 mi. ot 
Ba:> to rediaaol'Ye the hJ4rolyze4 aluminum.. 

The above mod1t1cation 1ncreaaea the total time required tor an 

-analysis, but when a large number or aamples are to be run, this increaee ii 

coneiderably leaaened.. The reault• obtti.ined for the OU b;y this method are 

usually sl1ghtl1 high (o.o~ high ror ~Cu). No tracea ot Cd or Zn were toUD.4 

in the deposit when the depoait had been rediasol've4, 4epoaited, and the electro-

lyte examined polerograph1oall7• 
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aeaulta and D1acuaaion 

The Capillary uaed •es tlrat calibrated in 7.nC12 with ti~• f'ollow1ng resulta.* 

Ca21llaq Jlo. l 

Presaure--36.5 ••· Bi• Medlta-2.4 M znci, 
Appl. Pot. Tl• tor lilt. Hg. tor Hate of " ,.2/3 tl/f .I • 0 c .. em.p. (Vol ts)s.c •. :1. ::.o drops 50 drop• tlow ll;''• Drop Time 

2/3 aee.-i· -- '"'•·> ( 11 ... ) '•· 1101 -l.l {aece.) !!£· .. Be tor.a Alter 
0 163.7 194.2 l.1663 3.274 1.366 25.0 24.5 

-0.2 16'.0 195.a l-1"°3 3.880 1.369 u.a 24.e 

-0.4 173.2 
/ aoe.2 1.1938 3.464 1.311 25.0 25,.0 

-9·6 iac.o 216.0 1·1962· S.610 1.396 25.0 2s.o 
-o.a 178.0 213.1 1.19?8 3.~60 lr3\14 2:).0 25.0 

-1.0 l.67.0 l~it.O l.19ld· 3.340 l.S?4 25.0 :~e. .. o 
-1.2 163.& 195.e l·lgf)6 3.264 l.3?4 24.e 25.0 

-1.4 163.8 196.& 1.2002 3.2?6 1.3?6 25.0 ~5.l 

-1.e · 162.6 lM.6 1.1068 3.252 1.3720 25.0 Zb.O 

-1.e l?l.2 204.6 l.l9bl 3.424 1.3.SS 25.0 2!:>.0 
163.6 l~.2 i.1a?o 3.2f 2 l.366 25.2 25.0 -2.0 lG0.8 ltt2.1 l.1983 3.&16 l.371 25.0 25.0 

•aeaulta obtained in conJunc'Uon with ilr. D. H. tilmpaon., a. Sc. '43 

AV• 
0 Tezrtp. c 

2:4.?5 

24.BO 

2.: .• 00 

25.00 

~··5.00 

25.00 

:'.4.ilO 

25.05 

2t,.o,...~ 

2,fj.20 
2.5.ro 
2b.OQ 
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In this manner, data was obtained which would make poadbl• the 

conversion or a11y results obtained on Cap1llarJ No~ l to any other capillary ahould 

the neoeasity Brise. Thie is because the dittuaion currents tor any two cap1ll&J7 

are proportioll81 within plus or minus three per cent to the ratio ot their 

capillery constants 1 ( 1.e • .f/3 t}/6 ) • 

The next calibration to be undertaken wes the calibration ot the oapill•rJ 

tor the dittusion currents ot copper, lead. and cadmium, under the actual eonditiona 

ot the procedure. Thia na done by •king addi'tiona or copper, lead and oadm1m 

trom the diluted stock aolutiona to a -Pl• ot a known zinc, ln a aaaner a1allar to 

that emplo7ed 1'or testing the impurity conten.'\ ot the reqanta. 

The calibration was carried out on both the Lee4a and Northrup and tb• 

Sargent Polarographs. The wave-height• were obta~ned by dltterenoe from the reeidual 

current ot the 7.inc l>.894 aa a supporting eleotrol7te, and tboae produced by the 

zinc plus added ions. In the lower ooncentration range, (1 x io-6 to 5 x io-6.M). 

this residual current amounted to trom ten to twent1 tim~a the increase in current 

due to the added ions, and, aooord1n,:.l7, a large error waa introduced. Thia error 

wea more aignittcant when using the Leeds and Northrup 1natrU1Tl8nt thAn when emplo1-

1ng the Sargent apparatus. ~'he tact that the latter haa about twice the maximum 

sensitivity of the former would account' in part tor tbie difterence in the resulie-



Copper 

cone. ot 
element 
(moles/liter) 

JiONE 

-6 
l :x: 10 

-6 
5 x 10 

... 5 
2.5 x 10 

1.25 x 10 
-4 

-4 
6.25 x 10 

-4 
3.13 x 10 

per eent 
on basis 
8 grams in 50 ml. 

................. ._,. 

0.00004 

0.0002 

0.00099S 

0.00496 

0.0248 

0.124 

lS 

Cal1brat1on-(l) 

l 7 , ---m-----L--aBd Jl Sergent , 
ratcroamp. mleroamp. · 
Obaerved Corrected Factor ;Observed Correctet Factor 

'' 
i i0.106 
l 
i 

~.104 

10.137 

0.150 

0.332 

1.42 

6.86 

Average 

~-- ______ _ _ '1 _A ________ ·- _ _ ~ A 
----------- ····--------------r 

! 
----~-. ... . ................... 0.0832 ..~ .... ,...._.... ..... ~ .... 
--~...-.. ..... ,._..._._..,..., 0.0757 ... ._,., ........... ---
0.031 (),00645 0.0902 : 0.0010 i 0.02860 

! 

0.0« 0.02250 0.125' · 0.042 0.02365 

0.226 0.02195 o.s22 : 0.239 0.02075 . 
1.31 0.01895 1.23 1.15 0.02155 

6.'15 Q.01838 6.4:2 6.34 0.01960 

0.02045 Average 0.02003 
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Lead 

pone. of per cent l Land H _ Sargent I 
'9lement ' OD basis l~icroam_p. microam.P..• 
{moles/liter) 8 grams in 50 mi. !Observed· I Corrected 1 Factor Obaened Corrected Factor 

J l ~A _!A 
I 

jp.480 I 

10-384 ~ONE 0 I ----- --- ---~---- ..--.. -----...-. 
I I 

11 x io-6 0.00013 ~-~O !n _. ... ,.-... ._...- lfo.sae 0.002 I o.0650 
I I I 5 x 10-6 I l~.403 o.oooe5 .ooo l 0.020 0.03245 0.019 I 0.03423 

l If 
2.5 x io-5 

I 
i I 0.03079 0.00323 p.58'1 ! 0.107 0.03015 !f0-489 0.105 

1 
t 

I 0.03530 1 .. 25 x 10-4 l I 

0.0162 tt.02 0.54 0.03005 lo.842 0.458 
I I t 

I I 
6.25 x 10-4 l 1~.14 

I i 
l 0.0810 l 2.66 o.oz045 ,2.75 2.3'1 I 0.03420 
! I I 

3.13 x 10-4 
l I ! 

I 0.4051 ~4.00 ! 13.50 0.03002 11z.55 I 12.17 I o.os3:so 
i 1 ' I l i 

! AYerage o.03019 I A'ferage 0.03428 
! 



Cadmium 

icon.a. ot 
!element 
!tmoles/ 11 ter) 

I 
lNONI 
! 
11 x io-' 
I 
/5 x icr6 
k.o x io-5 

i..25 :a; lO.,.. 

6.20 x -104 

13 J: 10"'4 

t: : 

per cent 
on baa1a 
8 grams in 50 ml. 

0.000'1'1 

0.00035 

o.0011e 

o.ooee 

0.0440 

o.22oe 

15 

lm1croam • 

0.010 

0.052 

0.112 

0.430 

2.51 

!'actor 
~A 

ii Gbaerved 1 Corrected 
I• I 

lj T-' 
ti o.226 ' . -----

!! 0.242 
1 0.01& 

,, 
0.00453 

i 
0.00673 10.251 

:i 
'.l 

0.01570 :! 0.334 
l; 

p 
o.0204a :; o.&93 

~ ! 

o.c1sis jl ----

Average 

0.025 

0.467 

Factor _ 
~A i 

I 
:-0::-1 

. i 

0.01400 I 
0.016$0 

o.01ea5 
l 

0.01905 l 
l 

I 
-.....~---- f 

I 
! 

0.01895 l 



Copper 

pone. or 
•iemeia.t 
'.(molee/11 ter) 

•one 

!l x 10 -a 

·5 x io-6 

2.5 x 10-5 

1.25 x 10 -4 

6.25 x io-' 

!3.13 x' 10 ·.-3 

per cent 
on baaia 
8 grams in 60 ml. 

.-.-..~ ............... --
0.00004 

0.0002 

0.000993 

Q.00496 

0.0248 

0.124 
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Calibnition--(2) 

I' L and B 
lmicroam • : 

ii 
k>.m& __ ......_._._........._ 

I 
:1 
1().074 .---.~~ ..... 

10.09'1 0.021 

0.134 0.058 

0.328 0.252 

1.473 1.399 

7.05 6.97 

Average 

~ctor 

A 

................... 

~ ................... _ 

0.009~3 

0.01713 

o.01gee, 

0.01'775 

0.01'180 

0.01"159 

jo.0510 

~.0011 
I 
p.0708 

:~.1058 
l 
'lo.2095 

r 11.313 

15.04 

·i 

-.--.... .... -.... 

0.0101 

0.0198 

0.0548 

o.2385 

1.262 

5.99 
! 

Average 

Fac'tor 
rt A 

0.()04. 

0.01010 

0.01825 

o.oH~e.5 

0.020?0 

0.02038 



Lead 

iconc~ -or n~n- • . r· per cent 

17!:::i11 tar) 
1 

:n g~,,:!• in 50 ml. 
I . 

NOHE 
_,...._....,... ___ .._... 

1 x 10 .. 6 
0.00013 

5 x 10 
-6 

0.000&5 

-5 
2.5 x 10 Q.00323 

i.20 x 10 
-4 

0.0112 

0•25 x. 10 
'"'-4 

0.0010 

Uxl0-3 
0.4051 

17 

.,,,,, 

~ 
a: 
tO :::; 

; 
~ 
w 
?; 
z 
:;> 

r Land. I - Sar1ent I~ 
jn:ieroamp. ale!!!!J• . · j ~ 
!Obsen-ed Co:rrec'ted Paetor l

1

obsene4 corrected J'aewr i ~ '. 
l · A ~A ! 2 

I 
~ ! 

1p.1•1 ------- ------- p.11so L ! 
i .137 ----- I ----- b.11a1 · 

...... _......_..... 

0.0051 0.025:>0 
H . 

.167 0.026 0.02502 ;p.1322 ! 0.0192 l 0.03388 • 
;I 

! i 
.257 o.11e 0.02705 p.2148 0.1018 l o.03175 

I 

» 
.722 1 o.m1 0.02793 :b.e120 0.4990 ! Q.03250 

ii 

.85 l 2.11 0.02990 :~-520 2.40'1 o.035&4 

I I 
I !!13.ao l 13.66 o.on71 :12.2& 12.15 0.03339 
l ll 

Average o.02sa5 :i Average 0.0!3SM , 
'i 
~l 



OadaiUll 

cone. ot 
element 
: (moles/liter) 

,)JOIE 

-6 
l x 10 

-6 
5 x 10 

-5 
!2.5 x 10 

-4 
1.25 x 10 

-4 
;6.25 x 10 

.-3 
.3.13 x 10 

psr een.t 
on basis 
8 gram.a in 50 ml. 

................ ~ ........... ~ 

0.00007 

Oca<I00-35 

0.00196 

o.ooae 

0.0440 

0.2205 

18 

,~ LandB 1-·· ··-·······. . ....... . 
1 icromnpere 
1.. . . ·- ···r·····--·····-···· . 

!jObaerved I Cc.+ttectecl. 
I 

....... 149 

t:::: 
!i 
ilo.240 ,, 
!l 

i~.632 
1! 

ii ··-.50 

2.us 

A't'erage--

... ..., ........................ 

......... -..-...... .-. ... -
0.016 

0.091 

o.483 

2.35 

12.00 

Factor 
.l 

.. .._.._._.,_. 

o.021vo 

0.01935 

o •. 01e22 

0.01013 

0.01039 

0.01844 

Sergeat • ·a1eroampere ______ ---- ···-"-----------·-· ·---~ 
Observed corrected ! racto~ 

1 

tL A l 
! I 

jo.111? ........... ~ ------j 

!0.1201 
~ 

o.0084 0-~1 
i 

i 
10.1342 0.0225 O.Ol55f 

;o.21&i 0.1058 0.01671 

j 10.58?6 o.4758 i 0.01850 
}\ 
,I 

j
12.971 I 2.359 o.01a?4 

'11.70 11.59 0.01905 

A't'erege-- o.01a?& 
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Averaging these values we get: 

Ou 

Pb 

Ccl 

L an4 II 
0.01102 per cent/Ul. 

o.oat52 per cent/u.A 

0.01020 per oent/uA. 

Sament 
0.02001 per oent/11.l 

o.03396 per o•nt/uA. 

o.01aae per oeat/u.l 

The teetore were obteined in terma ot P•r oent tor mioroaapere tor the 

aake ot convenience in calculating the values trom the nve-helghta. Th• baste 

tor the calculation is an 8 gram sample in a 50 Jal. solution. 

It 1e to be noted that the calibration factors obtained with the 

Sargent inatrum.ent ere more oonaiatent tha~ tho•• obtained with the L & N apparetua 

It might be mentioned that, although the L & R tor an instrument requires smaller 

tactora than the sargent inatrumeat. the latter gives larger wave-heights tor a 

given percentege. The maximum aenaltlvity ot the Sargent instrument ia o.OO!f 

u.A./mla., aD.4 tor th• t & JI o.ooeo uA/ain. '1'.ke reason tor the ditterence in the 

· factors haa not as yet been explained. 'there 1• no percentage relat1oll8hip whioll 

might indicate an error in the recorded aena1t1v1ty. 'l'hia, however, ia of no 

concera, provided the instrwnent used 11 calibrated against known standards. 

In order to determine the precision of the method an.d expoae an1 

poaaible source ot error in th• proeedure, tour aeries of determin.ationa ••r• 

carried out using the Sargent 1natrument. 

(a) l'reclaion. ot repeated determinations 011 th• same cell •. 

(b) Precision ot repeated determ1nat1ona on ditteren• aliquota ot tb.e 

eeme aolution. 

(c) Precision ot repeated determinations on ditterent aamplea ot the 

same allo7. 
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(ct) Preo1a1on ot repeated meaaur .. ata,ot the same wa••• l>J 

(1) different indivldue.l• 

(2) same individual. 

Preolslon of Polarog:raph1o Prooe4ure 

Copper Lead Cadmium 
Serie a A•erage Deviatio:ar Average Deviation A'Yerage Deviation 

~ ~('t.a.d.) * ~ ~(i',a.d.) ~ ~(ta.4.) 

(a) 0.00181 0.00000 0.005?9 
o.ooooe 0.00056 0.00004 

(b) 0.00181 0.00003. 0.0058., 0.00003 0.000&2 o·.00000 

(c) o.001e5 0.00011 0 .• 00010 o.ooooe 0.00012 0.00005 

8 

(d) 0.00104 0.00003 o.OOlf 1 0.00004. 0.0009D 0.00002 
b 

0.00102 0.00003 o.001a, O.OOOOD 0.00093 0.00003 

The above reaulta indicate that the mean deviation ot meaaurementa in all 

oesea 1e approx. one halt ot the total mean .de"fiation or the procedure. The 

deviation 1• not sigalticant, however, in that it barely atteota the tourth place 

ot decimals. The overall precision would indicate that it 1• possible to determine 

copper, lead, end cadmium to within l x 104 ~tor the range ot concentrations 

encountered in high purity zinc allOJ• ot the "14&7..e.lc• type. 

The accuracy of the method was determined by the enal7sia ot a number ot 

standard samples from the National Bureau or Standards, as well ea aome aamplea 

anal7ae4 by other independent laboratories. The results of these determination• 

are given in Tabb .. V. 

• .t:a.d. is the "e.verege deviation trom the arithmetical mean." 
•···mean personal error ot nine different 1ndivlduala measuring a waTe ot 18.7 mm. 
b.--mean per·aonal error of aame 1ndi•idual measuring an 18.3 mm. waTe ten tiin.e. 
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Table V 

Anal1a1a ot Bureau ot Standards Zinca 

Copper Lead Ca4mium Semple Value t\verage Deviation Average Deviation ATerage Deviatt No. ~ \~(-e.d.) ~ ~(-a.4.) ~ ~(-a.th 

108 Experimental 0.0004 to.0001 0.0505 to.0002 0.0960 to.0007 
Certificate 0.0004 0.047 0.09£ Ditterence -t().0035 +-0.0040 

109 Kxper1.mental 0.0007 ±0.0001 0.0025 to.0001 0.0019 -to.0001 Certiticate 0.0005 0.0020 o.001e 
Ditterence .,.0.0002 +C.0005 +0 .0001 

110 Experimental 0.0073 :tc.0005 0.571 t:o.001 o.ooo :to.017 Certificate 0.0031 0.53 0.56 Difteren.oe -ro.0042 i-0.041 0.040 

94 Experimental 2.83 to.ot 0.0318 to.0002 0.0025 t.0.0001 Certificate 2.02 C.031 0.004 +- .. Ditterence +0.01 +0.0008 -0.0015 -0.000 

•·By electro-deposition 
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Table VI 

Analysis ot Samples trom Anaconda Zinc co. 

Oo;pEer Leed Cadmium 
Sample No. Value Average Deviation Average-Deviation ,.verage Deviation 

~ ~(-a.d.) ~ "(-a.d.) ~ 1'(-a.d.) 

A-58219 Ex. 0.0016 ±o.0001 0.0163 t0.0009 0.0007 :to.oooo 
Anao. . ...... -~._. 0.080 leas than 0.01 
Ditt. -........... -0.0037 .:to.ooog ... ...... -.. 

A-69220 Ex. c:.001a ro.0001 0.0227 .to.oooa o.ooo, i0.0000 
Anac. _ ....... __ 

0.020 less then 0.01 
Ditt. ~- ... --- +().0027 ro.oooa ------.. 
Ex· 0.0020 :-0.0000 0.0158 .to.0019 0.0007 10.0000 
Anac. ------ 0.020 l•se than 0.01 
Ditt. ...... ., ___ -0.0041 to.0019 . .......... 
Ex. 0.001? :0•0001 0.0213 10.Q003 0.0006 zo.oooo 
A.nae. ---~ .. - 0.021 less than 0.01 
Ditt. .. ....... +0.0003 to.0003 . .. ___ .._. 

Ex· 0.0016 ..to.0001 0.0188 to.oooa o.oooe t.0.0000 
Anac. ----·- 0.014 leaa than 0.01 
Ditt. ----- +0.0048 :o.oooe 

_ _. ____ 



.. 23 -

Table VII 

Analysis ot Samples trom Cane.dien Rational Carbon Co. 

co12R•r Lead Ca.dmium -Sample No. Value Average Deviation Average Deviation A·verage Deviatioll 
% · jb(ta.d.) ~ ~(.ta.ch) 1' %(t.a .d.) 

T-11999 Ex. 0.0022 zo.0001 0.252 'to.00'1 0.184 to.oo• 
(CNC•l} c.11.0"" c.0015 0.207 0.171 

Ditt. +0.000'1 to.0001 +0.04i5 to.001 +-0.013 .to.004 

T-5177 .Ex. 0.0017 ±o.0003 0.408 to.002 0.308 't0.002 
(CNC-2) c.N.c. 0.0016 0.360 0.290 

D1tt. +0.0002 to.0003 ..-0.058 .to.ooa +-0.018 :t-0.002 

T-16~99 Ex. 0.0020 to.0002 0.360 .:o.ooo 0.278 to.006 
(CNC-3) o.N.c. 0.0015 0.323 0.259 

Ditt. -t0.0005 to.0002 +0.027 to.coo +0.019 .to.ooe 

T•? Ex. 0.0022 ±0.0001 0.355 to.003 0.238 zo.002 
(CN0-4) c.N.o. 0.0015 0.320 0.205 

D1tt. i-0.000? :0.0001 +0.045 ±0.003 + 0.033 .to.om~ 

T-11288 Ex· 0.0022 to.0001 0.286 :to.002 0.226 + -0.001 
(CNC-5) c.N.c. 0.0015 0.268 0.201 

Ditt. +0.0007 to.0001 +0.018 ~.002 +0.025 to.001 

T-? b.."x. o.omM to.0004 0.346 to.001 0.218 :o.ooe 
(CNC•6) c.N.c. 0.0015 o.326 ,Q.216 

Ditf. .... o.ooov to.OOOfr +' 0.020 !0.001 ... 0.002 ±0.006 



cX• 
B.8. 
!Jitr. 

B-33 ~.x. 

B.B. 
Ditt. 

:.iam;;lt: Ro. Va.lue 

l tx. 
.::J.M. 
n1rr. 

hX• 
s.it. 
01rr. 
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•rable VIII 

Cop2er 
Average Jev1otion 
~ ;:~( .l'a.d.) 

0.0020 to.coo 
0.001 

+0.001 'io.ooo 

o.oo:u to.oooo 
o.oooe 

+0.0013 to.oooo 

teed 
A~ereg;--- Devistion 

I ~· ~(~••d•) 

0.3~9 to.002 
o.~32 

-0.014 ~0.002 

.107 :o.om~ 
0.086 

+O.OJ!l ~0.002 

Table IX 

CopRer ~ 
Average :~t~viet ion ~-verege De•1aUon 

vi:' %(i~hd·) 1' S~, ( .te .d.) ,m· 

0.129 10.001 o.o.e4e +· -0.0006 
0.14 (1.003 

-0.011 to.001 ;-0.0198 -ro.oooe 

o.1so 10.004• 0.0239 %0.0003 
0.14 0.003 
0.010 ±0.001 +'0.02og to.0003 

• J:~h:etrodeposi t1on 

Cedttltll 
A•erege De~letton 

i qta.d.) 

C·.f'.:08 + -o.ooo 
0.200 

+0.003 l"o.ooo 

0.0018 :to.0002 
0.0020 .... -o.ooo? ..0.0002 

Cedrr,1um 
Averege 7Je.viaUon 

,1J ;H~a.d.) fi 

''•0019 to.0001 
nil.. 

...- c.cc1e 4' -0.0001 

0.0017 to.0001 
nu. 

~ 0.0018 to.0001 



• 25 ... 

Table X 

There are some nineteen. elements which may be round in zinc, e1 ther 
as impurities or as elloyi:ng elements. These are Cu, Pb, Cd• Hi, Oo, Mn, 
Ag, As, Hg, Tl, Bi, Sb, Al, Fe, Ge, Ga, In, Mg, Sn. 

Element Added Concentration Analzets ot zinc electrolyte 

" Copper Lead Cadmium 
~ 1! % 

Ag 0.05 0.0035 0.0044 o.oooe 
Al llol\e. O.OOU> 0.0137 0.000'1 

i.oo O.OOlG 0.0136 Q.000'1 
2.00 0.0022 0.0136 0.0009 
4.00 0.0017 0.0141 0.0007 
a.oo 0.0022. 0.0119 o.oooa 

As 0.05 0.0035 0.0044 o.oooe 
Bi 0.002 0.0035 O..QQ49 o.oooa 

0.01 0.0032 0.004'1 0.0011 
0.05 0.0021 0.0040 0.0010 

Cd To be detennined Maximum amount determined using 8 gram 
sample approx. o.~ 

Co 0.05 0.0035 0.004:4 o.oooe 
Cu 1ro be determined Large amounts (ove~ 0.1~) removed by 

electrodepoai ti on .• 
0.0034 0.0014 0.0046 o.oooe 

~3. 00 ( Cd added .. none} 0.0276 0.0050 0.0010 
3.oo (Cd added~ 0.004) 0.0242 0.0045 0.0048 
3.00 (Cd added ::0.009) 0.0198 0.0045 0.0094 
3.00 (Cd added·: o.04g) 0.0187 0.0040 0.0488 

Fe 0.02 0.0037 0.0044 0.0009 
0.1 0.0045 0.0044 0.0012 

values not 
significant 0.5 0.0036 0.0058 0.0011 
values not 
signi tican t 2.5 0.0039 0.0054 0.0014 

Ge not tested -hiEh diaollarge potential 
Ge not tested -chloride extremely •olatile . 
Hg 0.05 0.0034 0.0045 o.oooa 
In 0.002 0.0033 0.0042 0.0007 

0.01 0.0033 0.0041 o.oooe 
0.05 0.0034 O.OCM. O.C\OQI 

Mg o.oo ' 0.0034 0.0046 0,0009 
0.1 0.0034 0.0045 o.oooe 
o.5 0.0032 0.0046 0.0009 

*"Interference" is intended to describe the preliminar7 or almost coincidental 
discharge or some undesired ion which either results in a masking or the wave 
desired or ma..kes impossible the recording ot the wave ot the desired ion at 
maximum sens1t1v1t7. 

,· / z.1.1\c r.A..fe<I for Al 4J<f i-/:,.o . 
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Elemen'l. A4,ded Concentration Analysis of 7 1nc electrolyte 
~ Copper Lead Cadmium 

! ' s 
Mn 0.05 0.0035 o~o°" o.oooe 
Ni 0.05 0.003;; 0.0044 o.oooe 
Pb To be determined 
Sb 0.002 0.0036 0.0046 0.000'1 

0.01 0.0035 o.004e 0.0013 
0.05 0.0037 o.ooe& o.oo 

Sn 0.001 0.0032 0.0046 o.oooe 
0.002 0.0035 0.004'1 o.oooe 
0.004 0.0032 0.0056 0.0009 
o.ooe 0.0011 o.oo'ls o.ooos 
0.01& (0.0021) (0.0100} 0.0009 

Tl 0.002 0.003f> 0.0042 0~000? 
0.01 0.0035 0.0042 0.0010 
0.05 (0.0025) 

....._ __ .__ ............... 
Normal .zint;t 0.0033 0.004:'1 -------
l~ormel zinc 0.0034 o.0047 0.0009 

The only elements which are liable to cause interference as shown b7 the 

above table are. Bi which inter:Ceres •hen CU wave when proeent in excess or 0.01%,· 

Sn in exceas oi 0.001~ which intertere.e wHh th~ Pb waia. Sb in ex-cesa or 0.03~ which 

interferes with Pb and Cd waves, and Tl in excess or o.oo~ which in,~erterea with 

the wave for Cd and eventuall1 .. Pb(Tl =-0.05~). Cu interferes in exceeeiYe amounts 

(0.1%) but can be removed aatistectorily by electro-deposition as outlined. 
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THE POLAROGRAPHIC DETERMINATION or 
TIN IN HIGH:fqRITY ZINC MID 

ZINC pIB•CABTING ALLOYS. 

ABSTRACT 

The discovery that trace amounts ot lead, cadmium 

and tin cause intergranular oorroaion 1n zinc d1e-oest1ng 

alloys, which results in a serious weakening of the ellctV 

makes it important to have available a rapid and aceure.te 

method tor determining trace amounts or these elementa. 

The spectroecopic method has been applied w1 th a fair def.!ree 

or succeae, but the equipment necessary is expensive. A 

procedure hes been d, ·veloped tor the determination ot tin 

in hh:·h-purity zinc and zinc die-casting alloys present 

in amounts from 0.0001 to 0.2 per cent. 'fhe se··:ples ere 

dissolved. in \S0,.1 oxidized with Hao2 , precipitated. with 

CUJ)ferron, redissolved and rf<luced, and finally the tin 

determined with &n accuracy ot :0.0001~ when present in 

amounts less th~n 0.005~. 

A method 1s now available tor the routine 

polarogre.phic determine.ti on ot trace ara.ou.nt ~ of copper, 

lee.d, cadmium, nnd tin in high-purity zinc and zinc 

die•Ctsting alloys with a high degree ot accuracy end 

precision. 



TI:IE POLAROORAPHIC Dt'TERMINATION OF Sa 

_mRODUCTIO>I 

The British Staad.arcl Speo1t:leat1ona. B. s. s. lOOS and. 1004 tor llazak or 

"7AUllak," therein ·reterre4 to •• "H1g)I. Purl'' ZiJlc alld Zlao Allo7a tor Die-C.at111g" 

d-•4• Tin 0.001 per oeat max. to• Ingot, metal and Tln 0.002 per cent max. tor 

the oeat meial. 

Preaent method• ot ana.17•1• tor tin are ditticul' to appl1 \o trace amouat1. 

The apeotroch•ioal Mthod ha• been reaeonabl7 auooeastul to da'te, but the 

equipae:o:t necessary to obtain aoourate reaulta 1• expeuive. At the euggeaUoa 

ot Mr. Scotland ot the Metals Iaapection Board, United lt1ngdoa ot Cau4a, aa 

attempt was made to develop a polarograph1o method tor the harmtul metals, lead, 

tin, and cadmium, preaent ea tracea in High Purity Zinc an4 Zinc Allor•• A method 

was develope4 tor th• dete:rmiution. ot copper, lead, end cac1m.1um, but Un preaeate4 

considerable dlttioulty. Application was, therefore, .made tor e gran' to oo•er 

the expenses involved in deTelopiag a polarographic aetho4 tor treoe amounts ot 

tin, in High Puri t7 Zinc Die-Oe.•'Ung allo7e, 1n. order that a rapid ud aoourate 

metbod ot an.alyaia might be a'Yailable tor the deteraiaation ot lee4, oadmi•, 

and tin b7 the Iupection Board. 

Smrs26 made a atu41 of etaanoua tia and toua4 that in a chloride aolutioa 

(0.5 to ·0.1 N HCl) the •••• tor tia al.moat oo1noidea •1th that ot lead, aad that 

lt waa poaalble to determine tin to io-6 mol./litre provided the etannoue 

aolutiona were treah; tree trom. oxygen an4 ao1d1o. Ha alao ob••rJ•d an. ageing 

effect for etannoua tin in alkaline aolutlona which made the quant1tati•• 
I 

deteJa1DBtion ot tin in auoh a medium 41tticult. KaloTaet 9 atu41ed the redox .,., ... 

ot tin and found that atann1c chloride 1• .not re4uo1bl• except in very •trong 
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ohloride solution• (abo'Ye 0.1 B) where 11• re4\l0tloa •PP••r• inhibited. Be al•• 

obaerved ••••• tor ataanoua tin ia alkali and el,rate aolutioaa. Sirubl.27 

investigated the anodio ox1dat1oa ot the atanaoua tartrate oomplex. Llngane 

and Soo,t13 were able to obtain wavea tor atennoua t1a 1a II perohlorta ao14 

and tor etanntc tin in 2N perohlorto aoid in the preeenoe ot at l•a•t o.& N 

chloride. Sb.okho-v25 4eterm.1ae4 ataJU10Ua tin 111 potaaaiua tluooolum'bate aa4 

metallic colua'biura (niobium) ua1ng aa allcaliae citrate me41U11. Winkel all4 Proate28 

state that in acid and neutral aolutioa, oobelt. lead, and iin (oua) coae too 

'oloae together to gtve·seperate wavea. In alkal1ae aolutloll8 a good separation 

is obtained. Cozz.f determined tin 1n whit• aetala by ditterence troa the awn 

ot the lead and tin (oua) wavea. Th• lead alone waa detenined in alkali 

medium, end the aum ot Un and lead b7 reduotion in eo14 chloride medium. 

Se1 th and Eaohe
24 

also uae4 the method ot meaaurement ot ditterenoe tor tin in 

Zino. The lead waYe alone 1a obtained by volatilising the tin •• atanaia 

chloride f'rom acid solution. 

The Ytork ot the aboYe authors inoioatea that the applioationa ot the polarogra 

to the determination ot tin are nearly alwaya com~lioate4 b7 the teot that the 

tin ( oua) wa'H 1a al.moat ooinoiclent with that ot lead. Th• determination ot tin 

by ditterence i• inclined to be inaccurate when th• lead eonoentration exoeeda 

th.et ot ihe tin by a tactor ot approx. five._ COzz1 4 paritall7 surmounted thia 

ditticult7 b7 .malcing a prellminar7 separation ot moat ot ibe lead, but 'lhia 

particular procedure ia rather 1mpraot1oal tor trace elements in zine due to the 

d1tt1cult1ea ot preolpiiatlon. Th• purpoee of thie 1nYeat1ga't1on was. thereton, 

to deTelop an aecurate metho4 tor the determination ot traoe amount• ot tin 

(0.001 per oent or leea) in high pur1tJ zino 41•·•••t1ng alloya bJ aa direct a 

method aa possible. 



Ines.much es the determination ot tin by dit:f'erenae trom the lead is liable to 

be 1naccur.!lte, it net i.rcposdble under cartnin conditions. two possibilities were 

oon.eid1?.red: one• tht forrcet1on or a st i ta le ecmplex to caus~ a shift 1n the halt• 

wave potential of tin to such a value tht?.t it ,,,~ould no longer ooincide •1th that ot 

lead, two, the quentitative separation. ot tin and lead bj· chemical means. lnestcuch 

as the diffusion eurreut for the stannic ion is not sutt1c1ently great tor the 

9 
purpose at band, 1 t was {.,ec1ded to conf j ne experiments to the stannous ion. 

In the ti.ttempts et oo:nplex to.1.'D'l•ltion, tartaric acid W<:s tl"ied but abend:;;ned 

bt;;c&use of on &pp&rently lov• diffusion coefficient tor stannous tin in such a 

medium. A. number ot experiment• were conducted using the oxalate ion, both as 

potassium oxalate end oxalic acid. It was round that in neutral oxalate solution, 

twc W&vea were obt:;;hed for tin. This madium was abandoned for two reaeonar 

t'lrst, in the reduction met od ot Cozzi4 the reagente us{;d tend to prevent the 

formation of en OX!:llate _complex of t.in, anti aeoon(i, in the ;il reduction mflthod 

\he t:l precipitates es ox{ilate causing _:>rratic reaul'ts. It was established, 

however, thbt K-oxalste 1s a more eufteble mttcHum for tin than oxalic acid, In 

the l:.itter, the v.avea exhibit maxima and aeem bindered. In K-oxalete, ho 

c11tbodic waves \'\ere observed, whereas, in oxalic acid. solution, onl~' one cathodic 

wave wes round. Incr&es1ng K-o:xelate rrom 0.2 to 2 }f caused a Ahift ot -0.05 T 

in the 1\ tor Un (oue) (to more ner:athe values). on t.t1e other he.nd, 

of HCl to K-oxalate tin solutions ep1:,arontly destroys the conipl .· x ttnd thereby 

rules out the Cozzi reduction method tor tin in x::..oxc~let.e solutions. Above 

0.1 ·· n heavy precipitate 1s formed. 

Attempts were l118c.e to separate tbe tin by co-pr~cipi tation3, 1,-with the 

aluminum already prea~nt in tne f.inc die-oasti~ alloy. It was found that the tin· 



and lead wer• both precipitated and 1he method waa alow and ted1ou•, due to the 

large amount ot aluminum present. 

N. H. Le.w12 reported that it waa poaaible to aeparate tin in tooda bJ 

distillation ueing the principle ot Soherrer21, 2~ The tin 1• eatimated in the 

cl1stillat• b7 mean.a ot "Dithiol" (Toluene•-314- diaulphoni~ ac14), Hott.a ud 

8 Lundell have alao use4 'lh.1• diat1llat1on method with aucce••• 11th alight 

moditioatione ot their apparatu.a (Flg. 1), it wee touad possible to diattl tin 

from 10 g samples ot Zn. So fa~. attempt• at the determination ot tile tin, 

polarographicelly, 1n the distillate have been unsuoeeaatul, poa1ibl7 due to the 

prseenoe ot HBr in the distillate. Further, the reagent "Dithiol• ue4 b7 Law 

tor the colorim.etr1e determination ot tin in the distille.te, waa u.na•a1lable. 

The following result• were obtained tor the diatilletion ot tin uaing eelutione 

ot ZnCJe and added tin. 

Distillation ot Tin 

Procedure uaed 

Ten :mg. ot tin ae the ohlor1d• were introduoe4 together with a chloride 
solution equiTalent to 10 gms. ot zino. 'these aolutiona were washed 4own with a 
rew mi. ot wa'8r 1 an.d the whole heated to boilillg uaing a bath ot Wood'• metal. 
It the tla•k 11 coated with carbon black prior to immeraton in the bath• the metal 
will not adhere to the gla••• 45 ml· ot oono. snlphur1o acid were placed in the 
tunnel and run teirl;r repidlJ into the solution, until the temperature reache4 
130•132 degrees c. at which point bum.pi:ac almost invariably occurred. The 
remaining aoid was then rua in as re.pidl7 aa poaeible and the whole ra1aed io 
220 degrees c. Hydrobromio aoid was then ad4td dropw1s• o•er a predetermined per1o4 
ot time. Dry carbon dioxide WBa bubbled into the aya\ea thrOughout the 41atillat1on 
The 41atillate was collected in a eerie• ot 3-25 ml• reeei•era, each oonta1n1ng 
5 ml. ot 

2
!'ter. The tin 111 the distillate wes then reduced b7 the method ot 

Scherre~ and Clarke et af , uaing stabilized ataroh indioetor ae deeoribed bf 
Ehrlich • The only moditioationa 1n the reduction apparatus were the uae ot a 
"hree-neoked fla•k end fntroduo'1on ot the thermometer. 'tb.ro11gh the air oondenaer, 
auspended by a wire. 

The reducing flask waa charged by the addition ot the distillate, 75 111. oono. 
HCl, 5 e'.W• ot granulated teat lead and 20 gm. pure NaCl. This was diluted to 300 mJ.. 
•1th H20 and boiled tor 1 hour in a stream ot d17 COa· Atter reduction, the tlaak 
•as cooled to ~ degree• o., and D ml. KI (l~) and :5 mi. ot etarch eoluUon. 
added. The Sn waa titrated with 0.01 N iodine solution standardized again.et ti•• 
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Reaulta 

The ezperiaeatal work •ae dee1gne4 to eatabl1ah the relationahip between amouat 

ot tin recovered and each ot the following variable• •• a prelillinarr to the 

polarographio determination. 

(a) time ot d1et1llat.1on (oonatant•-60 mine.) 

(b) Yolume ot h7dro-romlo ao14 uaed (ooaateai--25 ml•) 

(e) temperature ot d1at1llat1on (conatant••820 degrees 0) 

(4) amo\1Jlt ot tin present (oonatant••lO ml.) 

The rollowiag point• were eatabllehe4s-
.. 

(l) When HCl h 3ubat1tu,ed tor HBr, on.17 e.6 per cent ot tin 1• reooYere4 uder 

oond1t101U1 which recover 98 per oent uaing BBr· 

(I) Th• HOl distilled below 120 4•gl'9ea C (p:roduce4 bJ aotion of B2so4 on Zn012) 

contained. fi.2 per cent ot '\he tin. 

(3) The average reooveey ot tin tr• Zn solution• 1• allgh'tly l~wer 'han trom pure 
-

tin aolutiona under th• eame oonditlone. 

(4) Recovery ot about 91 per eent ot 10 mg. ot added tin •• made uetng 15 ml. Dr 

a\ 220 degrees C over a perio4 ot 60 mine. 

(5) A ateady atate ia alaoat reaohed, where no further tin is 41still•d• at I~ al. 

ot BBrand 60 m1na. 1n41ca'Ung that the optim• eonlttiona would be at 3D ml.. 

aad 'If> .mins. 

cu;eterron 

Cupterron hes been suooeaatully used ae a precipitant tor the separa'Uon ot Un 

troa •DJ metal•• Aitem.pta to aepe.rate tin t:rom lee4 in z1no allo71 met w1 tl'l rap14 

aucoeaa and reaulte4 in the preeent eueoeaatul aetho4. 
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' 
TH'& POLAROORAPJUC DlCURMINATION 0'1 

TII Ill HIGH PDRl!f ZINC dD ZIJiC ALLOTS 

VSDD CUPJ'.DRON AB A PRECIPITAB'l' 

Roth•chtlfO used oupterron. tor the detn. ot Cu and re tn · · 7..a •'•l an.4 Zn duet. 

JC.ling and LaaaieuJ.-0 report a me'\ho4 tor the separation ot Sn and S'b with oupterroa, 

but lh H. rurmal baa cri t1o1z.e4 tlle prooeclu:re od otter• e aod1ftcatioa inYol•iDS th 

use or \ \ aad \ JMt •• a preetp1'\~tlng ae41•, b1 mean• of whicb. tia mer be 

separated troa CU, Pb, .le, so, Bi, Cd, Zn, Ma, Co, and Ni. Ia both ca•••• howe••r• 

the tia 1• ignited to Sn\ an4 •~ighel aa auoh. Pillkue •114 ClaeaaeaJ.7 

the ~e:tho4 ot Furman and produoe4 1-£, •• well ae ~Mn, Co, 51, Ag, Cd, and llft8 • 
18 .· 

PJ.nltu• and Martin clatm pnctt.e"1lly co?t;>lete precip1 tat ion ot Hg+I , Cu, Bl, sl/8 , 
-Tl -r-4 +I +-3 

Sa ~Sn , le • 1• , when in th• presence of dtl. atrong aci4a. Th• aolu-iltil••~ 

ot '\;be 't!arloua precipitate• are al~o givell.19 Cherv7alto't! and Oetrowaol ha·te m:od1t1 

the procedure ot Pinkua and Olaeaaena to allow tor the preaeno• ot thio •alt• tor 

~he 4eter:minat1on or Sn in the preeenoe ot Sb and A•• Maok and Heeh~e report a 

m1orogra.viae'tr1o method tor aeparat1on ot Sa and Sb but claim thFJt the SD muat be 

present in. the sit' atate•ff Lundell and. Kaowle~D have 1u"~ye4 the uaea of 

oupterroa aa a reagent in quant1tat1Te analysis, but aake ao mention ot the 

determination or t1n. Th• moat oomplete sur'Yef ot the ueea ot oupterron 1• 

quantitative aulyaia, 1• prea-;;:nted by Lundell and Ho:ttmad-4 who U.st ia a table 

the etteot ot oupterron on the element• ot th• periodic 1yatera when uae4 in 111 

\8" or HOl. Aoaor41ng to thi• table, ouptenon can be uae4 to aeparate Un and 

lead in the presence ot zinc, magnesium and aluminum, toWld in zinc 41e•eaat1ng 

alloys. However, no mentloa has beea made ot the uee ot oupterron tor the aeparattoa 

ot micro quantities ot tin, or the order of io;1, part1oularlr in the preaenoe of 
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a large exceaa of other me'81 ions auoh aa are toun.4 1n zine and zino die-oaating 

allo1•• 

This work was carried out exoluaivel7 on the B•JrO••kJ Model XI Polarograph 

(E. H. sarsent and co.) whioh has a galYaaometer aeneit1v1t1 or 0.001? UA/111A• The 

aame capilla17 was use4 aa in the work on copper aad lead and eadmlum, an4 the 

precaution• obaerTe4 were the same. The electrol7•1• eell with aa external aaoie 
. 11 

was ot a dee1gn similar to that ot Lingaae an.4 Laltiua (Fig. 2). The solu·uon 

ot ~he samples wes carried out la 150 al. 'beakers which were cooled in a 'bath 

of ruuiag water prior to preo1p1tatioJh Jiltrationa were •4• with J'eu Bo. I 

aintered glees onoibl•• and the precipitate diasol·Hd. in the apparatus ahon in 

r1g. z. Reductlona ••re oarr~e4 out la a 50 mi. fla8lc (Jig. ••>• through which a 

atead7 atream ot 002 ••• paaaing• At•er reduotioa, thetlaak waa cooled to 25 

degrees a and tin.ally a.tter proper dilution, a portion ot the solution wa~ iraneter 

to the eleo,rol7aia oell A& anown in the41a.gram (Jig. I)• A atream ot ao2 or 

1 2 waa .maintained through the solution in the eleotrolyaia oell du.ring the transfer, 

and over the solution when ready to record. 

Th• reagenia outl11'18d .. re tested tor tin·aontent b7 the metho4 ot dlttereaoe. 

After proper treatment, the rea1due in eech eeae ••• •4484 to ten gram• ot anal1se4 

sino and. the whole carried through the procedure tor tin. After eubtreoting the 

residual current tor the tin in th• zino aad reagents, the cornotioa tor th• tia 

in the reagent teated was obtained. 

Distilled 'Wetei-1-

Puplicate samples of 1 litre of distilled water were evaporated with 4 mls. of 
cone. H2S04 until fumes of so3 appeared. The zinc was then added and the procedure 
follow~%· The correction for the 200 ml. of ~O used in the procedure amounted to. 
7 x 10 per cent of Sn. As noted below, no correction is necessary for the 4 ml. 
of H2S04 in excess of normal • 

.. 
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Ex•1l•t· 

Average heir;h't ot -tin •••• in aampl•·-11·.8 •-· 
HeiP"ht ot tin wave in aul.rzed dnc---!.!!! mm. 
Height due to 1000 ml. lfeO 6.1 -· 

Now, 6.9 ia equivalent to 0.0196 uA• 
By calibration, the tin 1a a 10 Sil• zinc aample in 50 ml• 
1• o.014? per eent/uA. -
Therefore, we have ia l litre ot water what would correspond to 
0.0003 per cl:cnt Sa tor 10 em• ZD in 50 ml. 
Hence, the 200 ml• ot .. tar used in the procedure requires a 
correction of 7 x lO -5 per oent Sn on ea.oh zinc saple • 

gono. B SO (511. Gr. 1.81) 1• . . a ' 
Duplieate aemplea ot 100 ml• ot oono. ~S(\ ••re evepdrate4 to approx• 

4 .ml. and ten gr&t.'Yta ot zinc added. After tollO.ing the preoedure tor tini the .. 6 
correc•Hon tor th• 200 ml. ot I\? 19&. required ia the prooedure emoUDted to 6 • 9 x lJ"'t -
per oent ot Sn/ 10 gm. b. in 50 ml. That is, the 1'3-S<lt: contained. e or 1.89 x 10 
per oent Slh 

\Oa (30 1er oeat)t-

Duplicatre aamp!ea or 100 al. ot 30 per oe:qt ~02 were evaporated to tumea 
with • ml. ot B1ao4 and ten gram.a ot ualyud zino d4•1• After treatmen'• 110 
traeea ot tin in exceae of that due to the sine were touad• Thu•; •• oorreot1on 
waa neceaear7. 

qono. IQ! (Si• Gr, .1;19)1• 

Duplicate aamplq ot 200 ml• ot BCl were evaporate4 alowl7 to tumea ot 80s 
with 4 ml. ot a2so4 u4 treat.e4 aa outlined. aboY•• No trace• ot tin ••re found an.4 
hence no correction ••• neeeeaary. The po•aibilitJ that tbe tin ma7 be loat bJ 
Yolatilization ae SnCl4 ••• oona14ered, bu\ on the baaia ot experiment• conducted 
in the prellmin&l'J ln,.eetigetione whereby attempt• were made to de~erm.lne tin 'bf 
tiret recording the Pb Sn end then volat111s111g the sno14 thla poaa1bi11ty ••• 
eliminated• 

Oono. ~01 (SR· Gr• l•42)s~ 

Duplicate aamplee ot 200 ml. ot eonc. BN01 were ••aporated to tume• with 
4c mi. ot cone. H2so4• Atter treatment, 110 traces of 'Un were toun.4 and oonaequently 
no correction was necessary. 

Al·toil (a;eprox. o.Ol&") s• 

'Ile:n grama ot zinc were a4ded to 5 g ot Al-foil, in. duplloate, and the 
whole carr1e4 through,the procedure tor tin. Precipitettona were made trom. a 250 ml• 
beaker and 8 "f'Ol.wae ot 150-1'11 Jill.a.- Of solution. 27 mla. Of Ha804 ln exceaa ot 
that }lOrmallJ required tor zn, were neeeaaa17 tor aolution. Tin corresponding t.o 
1173" was found •. equi..-alent to -0.0012 per oeat/10 gm. 7..n ia 50 ml. Correcting 
tor the exceaa ot H~4 added, •• have (187-0.8) or l26~:?"-1n 5 gre..u ot Al· Theretore 
oorreo'1on £gr 0.1 gm •. ot Al uae4 in the reduction ot the tin ••• o.00000152 gm.. 

or 2 • .5 x 10--- , per oent Sll/10 gm •. Zn in 50 111• 



Phenacetin:-

Duplicate samples of 1 g. of phenacetin were ignited until free from 
organic matter (20 min.) and the residue fumed with 4 ml. of ~so4 • A few drops 
o~ HNO were added after cooling and the whole again brought to a boil. The 
conten~s or the crucible were then transferred to a 150 ml. beaker and treated 
as usual. A wave-height equivalent to o.~ mm. or 0.0002 per cent/10 gm. Zn in 50 ml 
was observed. Henoe, there was no appreciable correction necessary for the 0.0075 8 
phenacetin used to stabilize the cupferron used. in the precipitation. 

Gelatin (O.~ per cent aqueous):-

Duplicate samples of 1 g. of gelatin were ashed for 20 min. The ash was 
treated with 2 ml. H2so4 and a few drops of HN03 and warmed. The whole was then 
transferred to a 150 ml. beaker and treated as usual. A wave-height equivalent to 
3.2 mm. or 0.0001 per cent Sn for 10 gm. Zn in 50 ml. was found. The correction 
tor the 1.25 ml. of 0.2 per cent gelatin solution was negligible. 

Cupferron (5 per cent aqueous):-

Duplicate samples of 2.5 g. of cupferron were ignited, the residue treated 
with 2-5 ml. portion of H2so4 and the whole transferred to a 150 ml. beaker and 
treated as usual. A wave-height equivalent to 4.3 mm. or 0.0001 per eent Sn/10 gm. 
Zn in 50 ml. was found. The correction for the 3 ml. of 6 per cent solution of 
cupferron used in the procedure was 6 .8 x 10 - 6 per eent • 

Filter-Aid (Celite, Analytical):• 

A diatomaeeous earth especially purified for analytical use. This material 
is supplied by The Johns-Manville Co. No traces of tin were found within the limit 
of detection of the instrument. 

The over~ll effect of impurities amounted to Sn--0.00011 per cent-

Standard Stock Solution for Tin:-

23.7521 gms. of Sn (containing 0.05 per cent foreign metals) dissolved in 
1:1 HCl and diluted to l litre with 1:1 HCl to give a 0.200 M solution. 



14 

To J.O gma, or zlno in a 150 ml• prrex 'beaker add 50 al. ot 41aUlled water 
and 16 ml. ot cone. B2S04 (Sp. qr. 1·84). 'iben the reaot1oa ha• auba14•d, warm on a 
eand bath to complete the eolutton of the sine. Wash 4on with 41•Ulled water, 
dilute to 100 ml• and add 6 ml• ot 10 per eent B2o2 • Boil until solution le 
ooaplete and all B O i• decompoae4~ Dilute again to 100 ml•• a4d "4ml• eoiut. 
HCl (Sp. G:r. 1.19)an.d cool in rwmiag water (15 degrees c. or leaa)i.~.4d about 
3 ml. of a f> per cent aolut1oa ot oupterroa (ata'b1l1u4 with pheu.cet1if ... drop 
'bJ drop with coaatan't atirriag. Stir until the precipi tat• ooqulatea ·· . Stir 
in approx. 0.1 g. ot Aaal7ticel Filter-Al• (1ohaa-Hanville co.) and til~er w1th1a 
llelt en hour (keep solution cool if allowed. to atand wOh p~dptta+,e) uainc mod.erate 
auction on a Zena Bo. 3 •intered glaaa· filtering oru.oible. Waah beaker and 
precipitate •1th &O mi. ot 0.05 per oent oupterron aolution. containing 1150 H2so4• 
Di••olve precipitate in the filtering cru.cil>le with 10 ml• oono. HR03 ("!!~~ .in 
emall port1ou e.g. lh5 or S+3t4:) ud weah With water, coll••tlDi the f1ltrate 1n 
the original beaker. Add 4 ml· ooiuh B2so4 and e'Yaporate to twn••• Cool, add 5 1'tl. 
BI03 and eTapora.t• again to tumea. laeh down w1 th 10 ml•· ot water an4 warm to di• ... 
1olve aalta. Transfer to a 50 111. reduciion flaaJc, ueing a rubber policeman to 
enaure complete trall8ter. Add ' 111. oono. BCl an.d o.l. Sil• pve il•toil• Heat 
gentlf in a •ireaa ot 002 until olear aad then tor 11•30 atna. longer to ensure 
oomplete aolut1oaot the Un. Cool• .add l.25 ml. ot treell 0.1 per oent gelatin. 
aolution and dilute to volum.e, with treahl7 boile4 cU.atilled wt:rter. Cool to 
85 degree• c~ adjust volume, tl'aneter to eleeirolr•1• oell, through which • stream 
ot B2 1a paaeing, and eleotrol7ze l.maecUatelr trom -o.s to -o.7 "• uaiag a aaturate4 
ealomel retereace eleoirode. Record polarogram. at great6at. eeuit1T1ty- poaaible. 

~It aolution ia not complete add a eeooml portion ot H202. '!b.e abaeaoe ot H2o2 
1• indicated •7 the abaenoe of amall bubblea at th• aurtaoe of the boiling solution. 
J4cl ex.'ra water it neoeaaa17 to keep aelta in 101u·U.01t. 

.-f' ot. Section on intartennee ot lead. 

~5 per cent oupterroa ( 5 gm. B .. D.H. cupterron ) 
( 0.15 ••• Att•,ophe».et141u (Phenacetin) 

Dilute to 
100 111. 

:f~ometimaa, 1n the Jrc&Hnce ot oenain quantities ot elements auch 88 Pb A• 
or tor unknowa reaaone, the preotpi'tate will not coagulate. In.auch aa eve~t •Sb, 
tilter after 10 mln. at1rr1ng. • 
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Reaulta and Discuaeioa 

The eleotrooap1lla17 eurYe and oapillsrr oonetant ia '11• aediua ~a •hloh 

the tin is determined were m.eaaure4 ter th• purpoae ot reter1ng realllt• to other 

oapiller1••• The 'tGlJ9ratu.re ot meaauremeat ••• 21.0 degrees o. aad h::::: sa.o ... ag. 

OT OT -0.7 
Poientlal (v~a) eell 41aoonneoted cell coueoted 

'l'iae (85 drope) 

Drop Time 3.ao aeoa. 

Table I 

ARJ11ed Pot. (s.c.E.) Tiu -
-o.5 

24.8 degree• C 168.4: 211.7 

84.8 degree• 0 113.? 

'I'll• capillarr wae next calibrated tor tin by malting a441t1one ot tin from 

the diluted stock eolution. The calibration• were oarr1e4 out over a conoentration 

range ot io·6 M to 3 x i0-3 M and ih• step.height• obtained by d1tterence troa the 

ne1dual current of the tin preaent in. the sine uu4 as a ba••• The oal1brat1on 

conata:nta tor three auooeaaive oal1brat1ona are gi'Yen. in Table 3. 
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Calibration oonetan'• for tin in sine. 

Ad.ded cone. Per oeat (1) (I) 
sn mole•/ - adde4 Sn Factor Factor 
litre (10 g ?.n in ~/u.A ~QA 

50 ml.) 

-6 0.00000 o.ooz7o 0.01362 1 x 10_6 
5 x 10 -5 0.00010 o.Ol.f.28 0.01&00 
2.5 xlO _

4 o.0014s 0.01058 o.01os1 
l'.25 :x l0 _4 0.00742 0.01418 0.01&40 
6.25 x 10_3 0.03'11 o.01z22 o.01N'1 
3.13 x 10 0.18~& ........................ 0.01864 . 

A•erage Factor--

(:5) 
lac tor 
•f u 

0.02500 
o.01n& 
0.01'166 
0.01'31 
0.01330 
O.Ol,35 

A"f 
factor 
f,/uA. 

0.014'1 
o.Ol4r& 
0.0113 
0.01.e 
·0.0134 
o.01cs1 
0.01.t? 

Tll• tactora were obtained in. terms ot per cent ot the metal per mioroupere 
ot 41ttua1on. ourreai tor a 10 gm. •ample ot ztno in 50 ml. ot solution tor the 
eake of oon"fenienoe in oaleulating \he naulta ot anelJ•••• 

In order to determ1ne the preoialon of the method, and to discover the 

greatest source ot error in the procedure, tour eerie• ot determin.atloaa wer• 

carried out. 

(a) Precision ot repeated deteim1nationa on the same cell. 

(b) Pretla1oa of repeated determinations on dittereat aliquot• ot 

(c} Preo1a1on of repeated determinations on different samples ot 

'the aem.e allo7. 

(d) Prtia1e1.on ot repeated aeaaureruente on same curves by 

(1) ditterent 1ad1vi4uale 

(I~ the same indi'fidual 
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;,£!bl• 4 

Preo1a1on ot polarographto.proce4ure. 

Tin -
Seri•• A.'ferage ~ Deviation ~ ·Method 

(a) 

(b) 

(c) 

(d) 

(-.t.a.d.) 

0.00209 to.oOOOI A·r. Deviation trom mean ot eight rune. 

0.00110 .to.oooos AV• Deviation trom mean ot five runa 1 

+-
duplicate. 

0.00210 .. o.ooooe AT. DeYiation from mean of seven 
9allples (duplicate run.a) 

(1) 0.0007 4 ~0.00002 .Av. Deviation troa mean ot two 
obaervationa on each ot six 
different curve• tor nine in41Y1d 

(I) o.oOO'l 3 to.00002· AT• Deviation trom mean ot ten 
obael"fation.a on each ot aix 
d.itterent cunea bJ the aam.e · 
individual. 

It 1• apparent that the error of reproduction ot the our"f'ea b7 the 

inatruaent 18 very amall, and that the error ta al.moat entirely that ot m.eaaureaent 

or curve height• in this oeee. The error ot repeated 4eters1nat1ona on different 

aamplea 18 ot \he ae.me order aa the error ot uaauraent ot·cune heighta. 

The aoourac7 ot the procedure was detemined by the analyaia ot a aeries 

ot aa.mplea from the National Bureau ot Standa.rde, laah1n.gtont D. c. '!'he reaulta 

lli 

Table 5 

A.oeura·o;y ot Method 
Experlmeatal Values 

(% Sn/10 gm. Zn in 50 JU•) 

ill !?. Corrected Cert1f1cate 

o.ooov1 0.000,,,, #108 Spelter 0.00083 
#109 Spalter 0.00042 

..... 0.000,, .. 0.0001 
0.0003~0.0001 

o.oooe 
0.0002 
o.oooa #110 SP4tl,er 0.00054 

lf#4 Al, Mg, Cu, 0.000'12 
Die-casting Alloy 

0.00043 
0.0000., 
0.00018 

0.00043. 
0.00066 0.0005±0.0001 
o.oooea 0.000,,.;o.0001 L0.0005 
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The above table 1n4ioatea 'hat •1'111a the llmlt ot ih• preoiaioa1 the 

method ia aoeurete to 1 X 10 -t ~. n:oept la· the OaH Of the d.le•o&eting allo7 t 

where the error ie I x 10 -+ ~. llo expleM.,1o:n ia available tor the greater errol' 

in thi• ca••• 

Al•re4u;t1on. 

The reduction proc••• •••4 ln the prooe4ure tor tin •a• deYelo}l94 in our 

own laboratorr tor the purpoH on head, ad aa a reeult• a t•• essential tacta 

about it• manipulation will be g1Ten. 'l'h• proo•••. 1• baaed upon the taot that 

metallic a~um.1num reduce• tin to the metallic 1tate quantitat1vel7, ·and. the reault1 

tin rediaaolvea 1a HOl to the atan.noua etate in aa inert atmoaphere. 

Experiment• ha"fe 1n41oate4 that tr~ l to 10 Ill• ot oono. HCl are quite 

aetiatactorr .tor amount• ot tin up to o.0oa per cent but 4-5 111. 1• reooaaen4ed aa 

ideal, in that the prooeae 1e aeither too alow nor rapid enough to be violent. 

ln the eTeat that ihe tin oontent is in exceaa ot 0.007 per eent. an inorea .. in 

the amount ot HCl adde4 1• advieea~le. Add 6 ml. HCl when Sn content ta 0.04 per 

oent and e·ml.. HOl whea Sn content 1• c.2 per cent. BJ thia means the reduotioa 

prooeeda in a reaaonable length ot tiJae. A441t1ona ot Al-toil trom 0.025 to .oe 
gram were tried aad were equally auoeeaatul in the preaenoe ot o.ooa par oent Sn but 

O.f> gru ot Al eeusecl a violent action. 'Al ot approx. 0.1graa1a reocmaen4e4. 

Studie• ot the tlme of dige1tioa after the aolution haa lost 1ta turbid appearanoe 

indicate that trom 15-SO aina. is the beat time. A longer digestion 1• waatetul 

ot time. The ideal ti.me 1• about 80 atne. 

With th••• retineaenta, \he procedure 1• aatiatacto17 tor tia 

ooncentrat1ona up to 0.1 per eent. .Larger amounta have not been tr1•4 althoug)a. 

the7 ahoul4 not be impoaei'ble. In euoh a caae, however. it would be preterable 

to uae a emaller •maple. 
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The interference ot some niaeteea element• which aa7 be toun4 in sine, 

either aa allo7ing eleunta, or as 1apurit1ea, hae been oonsldered. They are 

listed ea tollowas- Sn, Sb, Aa, P'b1 Bi, Cu, 04 1 fe 1 Ni, CO, Ma, il; Tl, Ia, Ag
1 

Hg, Ge, Ga, and Mg. 

or theee, Sn is \o be determined. .A.ocorcllng to tun.dell and Hottman 1' 

Cupt•rroa in diluted l :9 BCl or H jO 
4 

•111 pracipi tate Sn, Bi 1 Sb, a., 1•, 
eoapletely, Cu, and Tl 1ncompletel7. Furthermore, no p~eoipitation ot Sb.a• sb+e 

will occur. Thia leaves onl7 Bi, Ga, re, Cu, and Tl •• poaaible interfering 

elemeata. In a reduced chloride medium Ga and h 18would. n.ot he expeoted to 

interfere beeauae their discharge poteai1ala are aboTe that of sar~ Thia lea••• 

only Bi, Cu, an4 Tl ae 1n'tertertna elements trom a polarographio polat ot Yiew, aad 

two ot th•••• Cu and Tl are known to be 1ncompletel7 preo1p1tated. 

Ex'enslve experiment• have ehowa that there 1• abeolutel7 ao interference 

tro.m Co. Bg, Un, 51, Ag, re, Tl, Sb 1 •hen theae eleaeata ere preaent in amount• ot 

0.05 per oent. In every- case thi• 1• aore than would normallJ be expeoted ia high 

purit7 zinc or zino d1e-oast1ng •1107. The J'e me.1 poaa1blJ be an exception to thia, 

but as pointed out above, the '8 1"2naa a d1aollarge potential well above that ot 

Sa + f Cd up to one per oent has no deteotable etteot oa the determination ot Sti. 

Bi ••• tried at the leTel ot O.Ob per oent, and althougl1 a bitck reaidue appeared 1• 

the re4uotion tlaek (Bi) the waTe tor tin as quite normal. Al and Ilg were alreadf 

and 0.1 per oeat reapecti"fely. That there 1• no interference trom theae element• 

ls bonl out b7 the teet that the calibration.a tor Sn were made in their preaence 

and the prooe4ure applied with equal aueoeas to epeltera (et. B. Stda. NO. 108 

No. 109 1 Ko. 110). ln, Ge• an.4 Oa were aot tried, partiall7 beoause of the 

41tt1oult7 1n proouring the re•peotiTe aalta and part1all7 on the b'aia ot the 

oontirmation ot LW'ldell and Hottman'• work, on el ... ate precipitated b7 Cupte:rroa 

by the wr1tere. Ot the other 'hree, onl7 one, Oa, 1• expeoted to preeipitate 
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FIG .1 

Sn-.Distill~tion Appa1atus. 

~.C.H-
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and thia baa a higher diaoharg• potential than Sn, Aa ta not expected to 

preoipi tate ~ a.ad teete •1th A• = o.oo per cent ahow no interterence tram thla sou.roe• · 

The two remaining elemeata·1 ·Pb and Ou were toun.4 'to give 41ttioult7. Th• 

Pb ie no't preeip1tate4 bf the cupterron., but 1• aeparated with the cupt'erron 

preo1pi tate ot Sa- as Pbso.,. whieh late, 41aaolvee i.a the Hlf0
3 

to appear aa Pb+i. 

in the final ,eolu~1on. ~, .. cu 1• i~eoapti,ely prec1p1tate4 aD.d appear• 1n the final 

aolut1oa in the extent to whioh 1t 1• preoipitated. 

It was tound, ho••••r, that b7 the a441tloa ot 5 ml.. ooao, HOl to the 

solution. prior to cupterron precipitatioa• that Pb up to 0.01.per cent ou be 

preeen' without pree1p1:tat1on ot PbSO+• For the 4aterm1natioa ot Sa in the preaenoe 

ot larger amou.uta ot Pb (up to l.3 per eeat tried) the Pb can ~· remoYed b7 auot1oa 

filtration oa a •1ntered glass oruoib~• ot the ox1d1,.4 eulphu.rio acid aolut1oa 

to remo•• PbSO~, tollowed bf the add1t1oa of 5 ml.. HCl and the precipitation ot 

ill• Sn with oupterron.. The uae ot larger amounts ot HCl 1e not euttio.tentl7 efteotl'Y 

to warrant Us uae. 

The interference ot Ou preaente4 a more difficult problem.. Copper up to· 

0.04 per oent can be tolerated by the proee4ure, and •Ten 81lOUJ1ta ot 0.25 per eent 

are not 1.mpoae1ble1 although 1n thia extreme caae the limit ot d.eteotion 4rope 

becauae ot the neoess1t7 tor uaing a lo••r gal•anomete:r aeuit1•1t1 to compeneate 

tor the Cu, It was toua4 1 howeYer, that by a rapid 30 min. depoattlon ot the cu 

troa the sulphuric acid solution uaing 2 ampe at 5 V and a rotating gauze anode, 

that 3 per oeat ot Cu can be removed to euoh an .. extent that no interference ta round• ... 
Experiaents indicate Cu tr~ o.oo per tent to 3 per oent are eaeil7 depoaited. The 

4epoait1oa ia practioally quaatitati•• g1T1ng slightly hig..h reeulte tor copper 4ue . 

to oontamin.ation ot th• !epoait. The depoaitioa 1• not ettected by the preaeno• ot 

as much es 0.2 per cent tin •h1oh 1• quantitatively determined in the eleotrolJ1• 
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bJ \be uaul pron<hu•• Depoattlon U.•• t:raa 11 to eo min•• "" 'tried an4 

4epoeltloa "8• found \o '8 •uttlolentl1 ocmtplete 1a 30 alae• tor tb• purpoae on 

hand. 

A prooe4ure ha• IMen d•Yelope4 tor the polarognpntc 4etarminat1oa ot· ua 

la b1p purlt1 ztno and 'fino dl••oaattng allora whlOh with aultable app11cet1on 

ot the prooe4ure outllud, 1• acoarate aad precise ln t.he PN•enoe or niaeteen 

element•• wbtoh are liable 'o be p.reeea't in va17lng uoWtta tor Un oont.eate 

RQCOiDg f;'Oll 0.001 P'tr O~nt to O.a ))el' teat. fur'1l•rraore 1 beoeu.ae Of 'the nature 

ot \he procedure, 1t haa app11oat1on, with auitable.aottlrloattou 1 tor tbe mioro­

clet.emluUon ot tin la aumen'la other material• •Uhout rt.~callbre.tion ot the 

I• l• poealbl• that •1"11 further wort, th• d1at1llatioa procedure aa1 be 

which .•oul4 b• tar ehorter than -the preaut auoot••tul prooedure. Reeeatl1, a 

ao41t1eattoa _lla4 •ua••-t•4 1t••lt, •hlea ..noulct b• ea iapro•-nt, MMlft '11• 

eU.minatloa ot MCl tram the PJ'00•4un. l>;v the ••• •t 1fa004 onl~ ud aueh HR<;,· 

•• _,. be aeoe•••rr• Ia thia •a.1 there wou.14 be ao 4l•Ullat1oa ot t1n 'betore 

the •441'Uoa ot tbe !Br• Thia would uan that the ••luae ot 41•t111at• •hlola 1t 

•• neceaaarr to retain would be oou,derablJ l••HH4. 

It. ehoul.4 aleo be pointed out that although the prooedure tor Un wea 

1eYeloped ualng a 10 gram Mmpl• of slao, 'there ta ao naaoa •hJ a lareer or 

amaller aemple oo~•ld not be u••• It to• exaapl•• a 100 sna ••Pl• la uae4, U 
•I. . 

ebould be posel'ble to deteat l x 10 ~ ot \ln following the procedure (with 

eultabl• aodlt1catloaa). 
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