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C.ADJUliM. Cl2EAL..'lllil.TT.E.--l.TiLPB. PARA'..U.QN m 5;1...Ql?lIB'rIES . 

Cadmium Cobal tini tri ta is a heretofore practically unknown 

compound. It wa'3 p a rtially isol a tAd i n 1920 by ,.., . C. Ogburn a nd 

J . T.Dobbins in the course of some ori g inal i nvesti gation of in

organic cobaltinitrites . Little i s known of any o f t h e cobalti 

ni trites saye so ium cob al tini trite, al thou gh severa l of' t hem 

hav e been prepared a nd desc ribea.. Rodium cobal tini trite has 

been used f or some time as a reagen t in determining the amount 

of po t ash in f erti i~er,i n t es ting for small amou n ts of pota -

sium and s iJ.ver in solution,and ivf distinguishing b etween pri 

mary, seconda ry,and terti a ry amines. Besides this,little has been 

definitel y determined concerning any of the cobaltinitrites. 

Sodium ·cob al tini trite was the re ag e n t u l3ed in t h e prep aration 

of cadmium cobalti n itrite . 

PREPARA'r_I01{ OF REAGE('.r_ . 

odium cobalti nitrite,the reagent u ed i n t l1e preparation 

of cadmi um coba l tini trite, was p r epared according to t he m thod 
I 

of Cunningham and e r k i n,journal. of t he Chemica l Go ciety,Vol

u me 95, age 1562 . 

Thi'3 w s done b y dissolving 150 grams of sodium nitrite in 

150 c.c . o:f. hot water . Thi s solu tion was then cooled to 50 de

g rees; then 50 gr ams of cobaltinitrite were added. AftAr solut

ion tak es place, 25 c . c: . of glaci al a c@ti. c ac·id . wer.e added·. This 
' 

vas th~n shaken well and k ~ t a t 60 deg r.es f or 20 minu tes. ass 

in r a r ap id tr~am of air t ru t h e solution f or one- alf a n hour 

re 10ved an y exc "' SS o-f the o i des of ni tro g n t ha t ··nigh t b e p re s -
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ent. Now 650-::: .c. of 9 5,1 alc ohol were added and t he mixture 

shak=m well,and odium cobal tinitrite came down in orange colo r 

ed flakes. Thi s was t h en filtered by su ctio n, wash ed onc e wi t h 

60% alc ohol and 'J 5 ,falcohol until the wa shings were clea r,and then 

dried on a porou s plate. The yield of s odiu m cobaltrinitP. ac 

cor di ng t o this method was about 60 · . 

:e.B.E.FJ\Ji.A--'ll OH QF. .c..&ill.U.JLM. __ C QB ~1 TI N.I.T..BJJ'.E. . 

A satu ra ted solution of sodium cobaltinitrite was prepared 

and a saturated s oluti on solutio n 6,f cadmiu sulfate a dded to 

it in equiva l en t amou n t. This wa s a llowed t o s tand overn i ght . 

A sli ght precip itate appeared but it was i suf·fici ent f or iso

l a tio n in a n appreciable qu a ntity. Severa l ways were tried to 

inc rease thi s precipita tion. 'l'h e best one :fou n9; was by fract

io nal crystallization of t he solution eith er over H2so4 or in 

oven a t 60 degrees C. In this way a mixture o f cadmium cabal t

ini trite and sodium s~lfa te was obtain~d. 

The oven was found to b e t h e bett'3r o f t h e two ways because 

the H2Ro 4 method wa s extren ely slow,whi l e the crystal lization 

t ook place wi th fair rapidity in t h e oven. The separation of t h e 

cadmium cabal tini trite f rom sod iu r.1 sulfate is accomplished by 

washi ng with c old wa ter,allowing it to stand :for a mi nute ,re 

washing and s o on f or sever al times . The sodium sulfa te is sol

uble in cold water a nd the cadmi um cobalti. n itri-r.e is no t, s o b y 

washing tho r ou ghly all of t h e s o dium su lfate was ,;ashed ou t 

and t h e pure cadmium cobaltinitrite i s left in the form of d 

bri ght yellow 0-:'ye:1.;aa..s~o 
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Two other meti~ods of preparation wer e tried bu t neither 

gave sati~fa ctory results . The first was to pre are solutionc; 
~~,). 

of P.quivalent amounts of CdS0 4 >ana.,NaN0 2 respectively . Glacial 

aceti c acid was added t o this a nd a rapid stream of N02 run in 

at a constant temper a ture of 60 degree f or one hour . Several 

of the other cobaltinitrites were succes9fully prepared'i this 

way . owever , th m thod would not work i n t h e case o:f cadmi um 

cobal tini trite . 

The sc=Jco:;,1d wa s to prepare t - e satu r a ted solution o:f. sodium 

cobalti nitrite and cadmium sulfate· respectively and mi x the two 

in the presence of ·b ro mi ne water . 

ANALYSE~. 

To g et the cadmium content,th e c a dmiu cobal tinitrite was 

diss olved in the lea st possible amo unt of co nc e n t r a ted HCl . 

This was then diluted with wa t e r and ~ concentra ted ammonium 

hydroxide added in ex cess . Thi s forms a complex cadmi um ammo n 

ium salt Cd(NH3 ) 4c1 2 which is transformed i n to a double cyanid'9 

of p otassium,K 2Cd(CN ) 4 by adding a s mall amount of ·KCN s olutio n . 

The equa tion is a s follo ws·: 

Cd( NH 3 ) 4 Cl 2 +- 4K CN: K 2Cd( CN ) 4: + 2K C1 + 4NH 3 

K 2Cd( CN) 4 +- H2 = CdS--,- 2KC1T-t- 2HCN 

A r ap i stream of H2S was then r un i n . 'rh i s precipita t e s 

the ca dmium sulfide which was f iltered out, wash ")d with cold 
I 

watr:ir,dried an wei g ed. The per cen t of Cd in CdS was then 

calculated. 

To ge t this cobalt co nt ent t he f i l tra te :f. ram which t he cadmium 
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had been removed was was bo il ed i n a porc~lain casserole with 

enough sodiL1 m hydro xide to i nsure complete p recipitation o f t e 

c o(OH) 2 and until t h e blu e color present wa s completely gone. 

It wa s necess a r y to a dd to t h is s mall amount of bromine a nd boil 

to compl ete prwcipitation. Thi s mi xture was all owed to ~tand 

over n i e;ht after which it wa s fi t ered. The rF:1sidue was washed 

u n til the washing s were neu t r al. Thi s res iduP. was then complete 

ly i gnited ,.i,.."'.l---aH- eree-t~n . The p roduct was wei ghed as 

co 3o4 and t he per cent of Co in co1o4 was calcul a ted. 

The No 2 was obta i ned by s i mply a dding to gether t he per 

cents of cob alt a nd of cadmi um , a nd subtra cting t he sum .f ro m 1ooc,\ 

To determine the wa ter of crystalli za tion a sma ll mount 

of cadmium cobaltinitri te was weighed when cooled . It was t h en 

hea t ed in a n electric oven to 110 d egrees,again w~i ghed,and 

then hea t ed to 120 d e grees and wei gh ed f or t h e t hird tim~ . the 

we i ghts wer e a ll t he sam'3,provi no-_ that there was no water of 

crystallization pr,esent . Most of t he other cobaltinitrite has 

fro m 6 to 1 2 parts of water of crystallization. My work,however , 

prove.s that t his is not the ca s e in cadmi um co b al tini trite. 

In the determination of thf-3 f ormula t h e t ~eoreti cal cal -:u a 

tions were ju st made b y diiiidL g the molecular wei ght of the 

whole compound by t h e v,ei gh t of t h e d esired elern.'9n t a s it occurs 

in the co mpound. These t h eoretical calcula tions were made from 

t he .. or mula. They a re: 

Cadmium• 33.48 °1, Cobal t= 11.72%, No 2 ,. 54. 8%. 

The observt<?:d va lues wer'3: 

Ca d.mium-=33.32%, Cobalt= 11.64%, N02 = 55.O4J0 . 
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Thes figures p rove t hat t he fo r mula of t he cadmi1Jm cobal tini t

rite is cdJo( N0 2}..§2 • Yhis conclusion was a rrived a t by simply 

compa r ing the observed values with the t h e oretical va lues . This 

compound ionizes,the 3Fd carrying six positiv~ ions and the 

'co( w2 ). 2 r a dic al ".!arrying s i x nega tive ions, as 'was proved by 

t hR foll owing rea ction: 

6NaY02-t Cd 3E_o(M0 2 ~ 2 = 3C 1\JO r 2Na ~C o( N02)l 

soluti on -rsolu tion - solution + eep orange precipita te 

RQPEB'IES QE. CADMIJJ.M COBALTI NI TRI~E . 

Cadmi un cobal tinitrite i s a y gro s co p ie flaky c ompound, 

bri ght canary yellow in color. 

The fact that it is a hygroscopic compound was determi n~d 

by allowing a carefully weighed sampl to stand in a ir f or a 

day or t wo. When the compound was agai n wei ghed it wa s f oun d that 

it had gai ned wei gh t. 

Cadmium cobal tini trite i s only sl i ghtly 8olub e i cold w:a t-
\ 

er,but is soluble i n 

t ially soluble in ether,carbon t etr ac iLoride ·a nd chloro:form,but 

i n ev~ry ca9 e d ecompositi on takes place . It i s decomposed by 

aci d s and concentrated alkal ies. I n the l a tter case the respect

ive yd roxi d e~ of co . a l t and cad ium wer e f ound. Its mel t in= 

point could not be d e termi n ed as it dec omposes to the oxides 

a t 175 to 1 80 degrees . I n solution ca dmium co baltinitrite i s very 

stabJ.e,di fering in thi s respect :from the majority of the o ther 

cab al ti n i tri tes . 
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SUMMARY . 

Cadmi um c abal ti ni tr i te was ob t a i ned by impl e cl e c ompos i t i on 

f rom sodium c obaltinitri t e a n d cadmi um sul fa t e . It is a b r i ght 

cana ry yel l ow p owder ,very "' table, s li ghtl y h ygroscop ic,and pra c

ti call y ins oluble i · e veryth i ng exc€p t boiling water . It is ob 

t a i ned fro iil t he mo t:ier liquor b y fractiona l crystalli zation a nd 

h a s t he f ormul a Cd o( No 2 ) ;k. Its u s e s a.r e ye t to b e determi n ed . 

:SB.I F BI BLI OGRAPH"'[ OF REFEREl CE~3_. 

Adie, R . H. ,and \ oo , '' . E . , - 11A Newl:..ieth od of Estimati n g Po t a s 

s ium", f or Ch em. Soc. ( ' rans ) - 1 9 00 - 77-1 0 76 . 

A shor t elementa ry p aper on the p r epara tion a n d u ses o.f s od -

i um cob al tini tri t e a s a r e a g en t fo r t he esti matio n of po t ass i u m, 

with a n ou tli ne of the r e sul ts obta ined. The r e ul ts ob t a i ned 

by b oth Vol umetr i c and Gr avi metri c a nalys e s W9r e g i vP,n . Th e 

au tho:cs a l o s uggested t h e u s ed of c obal ti nitri t e as a reagen t 

t o be u sed f or t he determi n a t ion of pota sh i n r. anure a n d s oi l , 

gi"ri ng the r e s ults t ha t t h ey had cibta i n ed alo ng thee li nes. 

( ) Ro c:i e nh e i m,A., and · .. oppel ,I . ,-"Uber Cobal t ox ydnitrite und 

e i n i g Kob al t n i troc yan verb i ndu ngen . 11 Z e i t s ch a n o r g Ch emi e --

1898- XVII-42 . 

Th i s pa p e r d cri bed t h p r epa r a tio n of cobalti nitrites . 

o enhP. i m a nd _,. opp el co mii de r ed t h e c a bal t i n i tri tes a s double 

sal t s of ox i des with the general f ormul a e : .3/Z~O-C.O,_Ol · bh..,,0..3 

Some wa ter of c r ystalli za tion was fou d by t-hem t o be pre s n t 

i n al l o f t he c ompound s . They divi d e d t 1e d i ffe r en t coba lti nit

rit e t hat they prepar e d a n d anal yz ed i nto t he t h ree clas s e s 

a cc o r i ng t o the o cc u rre nce of t h e 10 2 radi c al . 
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These cl a ss es h av e f ormulas a s follo ws: 

I n t h i s cllas s t hey pu t sodium 

arnmonium, yellow bari un and lead cobalti nitrite. 

( 2 ) 2R2o3 . c o 2o3 . 4N2o3 ...- xH 2o. In this cl as s t h ey put _ e cob 

alti nitrites of Red Sodium, Red Barium, and ed S tro n ti um . 

( 3 ) 2R 2o3 . c o 20 5 . 3 2o3 -,.. x1 2() . I n thic; cl ass were put z i n c 

and c ob alt c obal ti n itrites. The work on the cobalt c yanides con

sisted in a prepar a ti on o f a few of the s i mp r cya n i de with 

the determi na tion of t h eir f ormulas . They a l , o p repa red a n d a n -

al y zed some o. the o. gani c co balti nitrites which w r e d iscu ss
/ 

ed i n th '.3 s ame paper . 

-~-) Cu nn 1· ngh am , 11_.tr .r v , a nd d 1 b · · t .:::>/ ~ _ .., • erkin, F • .r . , ", tu i es on t 1e Co a l t 1111 -

ri t -3 -a ." J . Che n. Soc .-19 09 - 9 5- 1 5 62 . 

Tbis i s a compl ~ te p ap e r on the cobal t i nitrit es, bo th or ganic 

a ng i norgan i • The chi f discus s ion is up on their prepar a tion 

and ana l ysi s . -owever, a s hor t d i !3 cu s "'ion i s given on the advi s 

ab i l ity of us i ng po t a ss i um :: obal t i i t r ite a s a reagent t o b e 

used i n t h e ana l ysis o f comp ou nd s co n tai n i ng potas i um a nd co -

bal t . be au t ors a dvise a i ns t t h ei r u se . 

Eleiren d i f f.' e rent co balti nitri t e s a re d i s cussed with r efer enc e 

to t h ei r p r para t i on and us e . 

9 Drushel , W.A. , "On the Vol umetri c Fi ti mati on of Po tassi um as 

t he obaltinitri te " . Am8r•. J . Sci.-1907- 24 - 4 33 . Thi s i fl one of 

a ~er i e s of pap e r s on po ta~s ium boba ti nitrite s . This paper 

di sc:us se'3 t he various :iifferen t ays i n wh i 8h t h e c obalti nitrite 

sol u ti on may be p r ep a r ed and. t · e r e sults obta ined in t h e di:f.fer-

n t ca es. Some s -o qce is given t o the ~,a riou s short cut s and 

i mpl i f ica tio ns of the process. 
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(5J Dr ushel, W. A. , 11 The A pli cati on o Cobal ti nitrite • ethod t o t ::--i e 

Es tima ti on o f P o t a ss i um i n oils" . Ar.i~r . J . sc i .-1908 - 2 6 - 3 2 - 3 3 2 . 

A papAr on the cobal t initrite meth od a s i t may be p ra c tical 

]_ ·· a p lied to the est i ,w~tio n of pota s s ium in soi l . This paper 

b i v es i n etail t h e p rocedure t o b e follo wed in t h e esti mation 

of po t as si um i n s oil . De s c r i ption with resul ts , of several exp e r 

i ments c arri e;i ou t b j t h e auth or was fu ll y d i s cu s s ed . 

{I) Dru shel , Fl . A ., "The Volu me tric }''. t i mat i on o .. Potass ium i n 

Animal :b,l u i ds" . Amer. J . .. c i . - 1 90 8 - 2 6 - 5 1-i 5 - h 62 . 

Thi s pap .r d.isc u s s~s f ull y the /me thod t o b fol lo i\l e d in t h e 

Vol umetr ic e s tLnat i on of potassiun i n such ani mal f luidc; as , 

u ri n J 1 c ircul a t ory f l u i d s, and milk, b y t h e r e ci p i t a ti on o f p ot

as si .11:1 c obal ti n i trite . 'he causes for t he chi ef error s in t h i 8 

vrork we r d iscussed a nd me t hod s b y whi 8h hey may be aYoi ded 

a r g i ven . e f erl!:lnce was mad e t o t he wo rk of Me v":!n men , ch ief 

amon whom w ra Ka callum a nd Kr e t chy . 

7) :Bu r gess , L . L ., and 1·amm , O. , "A S t u dy o:f Cobalti nitri tes and 

Their Appli ca ti on to Anal y tical Chemi s t ·y . 11 J . Amer . Chem. So c . 

1912- 3 - 6 52- 6 59 . 

T i s :pape r e cri 1..':le s the si l 1rnr potassium c a bal t.i i trites 

and r e c c omend s t1em a s a delicate quali tati v e t est f or pota ssi u , 

g i v i ng :Cu l l d ire c t ions f or t he appli c a t i on o: t h e t<a t ,its d e l 

ic a c y and all in terferen ce are i scus sed i n d eta il . 

0 t h r ,~orre sp ondi n g i l v e r sal ts 'J i th ammonium , rub idium, c e

i-i mn , t h allium, and lead a r e n nti on °d a nd thei r " o '3 i ble u ses 

i nd i -::a t ed . 

Al so,the p r epar a tio n of a c o r r e s p on di n g seri e o f d oubl a l t s 
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with al kali aetal'3 were des cri-bed. 

t ? Bowser , L . • , "On t he Determi n a t i on of Potass iu m by t he eobal t 

i ni t ri te Method " . J . of Ina. and Eng . Chemi stry- 19 09 - I - ?92 . 

A detai led d is cussion of the ,ses of t h e cobal t initrites 

r eag n t with '3o me men t io n o f t h m~n o r i g ina t i ng them . The meth

od of Ad i e and load was discussed as most succ essful . A short 

d i scuss ion was ,m d e of some of t -:1.e ch ief d i f f i cultie a ri s ing, 

a d t he mo s t successfu l ways of combatti ng t hem . e advantage 

of t '.1e use of: t h i s meth od was di cu ssed and a compl8te d escri p

tion of a nodi-fication of the p roc.edure used i · the die and 

,·ood proc~ss g i ven . Refer .,nces wer e i~ade to t h e wo r k of f ive 

men , amon g whom was Dr ushel . 

1 obb ins, J . T. , and Ogburn , .· . ::: . Jr ., "Recent S tudie s of the Inor

gani c Cobaltinitrites" . Unpubli s hed wor k a t l abora tories of t h e 

University of North Ca roli na,1920 . 

Th i R p a p .er takr:3s up .full y thi. d i scuss io n , p r epa r ation, anl 

anal ys i s , of Bi smuthyl cobal t i n ttri te b y the s imple double d e 

comp os ition of odiun cobal t i n i t ri te pl u s a satura ted solu t ion 

o f Bi91:1u t h n i t ri t e . The paper al so d i scu sses a parti 1 i nves 

t i ga t i on o f cadmi um cobaltini t ri ~e 

~·eth odc:_i t o be f'.' ollo we d i n the pr para t i o n of t ~J e reag en ts 

u9 e d a r e g iven a s well a s p ro perti es oft e obtai ned cobalt

i n i t ri t es . 

Th Bi smuthyl eo□pou nd iso l a t ed vari ed i .?1 COi, p0 '3 itio n de

p endi ~ g upon t he time al lowed . ' he prec ipi cRte to r ema in i n 

t h e mothe r liquor and the amount of t : e reage_ ts p r esen t . "h e ir 

f ormula r an : 




