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The object of t his work was to investiga te the possibil i t y 

of a d ouble s ulpha te of c-ppp er a nd cadmium, and t o ob t ain such , 

a solut i on of each wa s mixed wi th t h e o t her i n different ratios 

and a l lowed t o evaporate spontaneousl y , with the crysta lliza ti oo 

of some sal t . 

A 5E sol u tion of cadmi ur.a s ulphate ·-v ,s used in wh i ch t er e 

rir ere 627 .5 gr ams to a li ter 9 while a 2-E solut i on of co p1 er sul

phat e wa s us ed , there being 249 . 66 grams to a: l iter of wa t er • 
.. 

The mol ecular r a tio of thes e so l uti ons was about I CuS04 t-0 

2 . 5 CdS0 4 . The s olution s f r om which t h e c rystals were cryst all-

i zed v ere all of the san1e vol u.me , 20 c. c . but vari ed in t h e per 

cent of volume of t h e t liJO s olut i ons . The c ompositi on of ea ch is 

g iven b elow, 

Number I. I 8 c. c . CuS0 ~.5H,.,O and 2c . c . CdS04 . 8/ 3 H-,0. 
r " · ~-

" II IS c . c . " It 4c. c . II ft 

If I II I 4 c .c . ti " 6c . c . " " 
ti IV I 2c . c . tt " Sc. c . tt ff 

" V IO c . c . " ii ff il I O c . c . " fli j 

" VI 8 c . c . " II I2 c.c. fl ti 

tt VII 6 c . c . " tf I4 c . c . " tt 

It VII I 4 c . c . fl It I 6 c. c . ft ff 

II IX 2 C,. C • ff " I8 c . c . II ti 

I t is seen t hat ea ch crystallizing solution i s strong er in CdSO 

and we a~ er 1n CuS04 than t h e one pr ec eding . 

Thes e solu tio·1s wer e pl aced i n a room o al mos t con s t ant 

te~pera tur e and ther e l lo~ ed to s t and uncovered , b ut protected 

f l., 0 1 dus t .an c d irt , unt i l cryst t:~ls began to fo rm. The se were 

removed f rom t h o mo t h er -l i quo r an pl c ce : o a f il t er paper and 



t here \ ashed with a small amount of" water to remove any of the 

mother-liquor adhering to t hem. They ere dried by the use of 

..!. ... il t er papers an d put i1 cork tuo es. l one but homeogenous 

cryst ls ~er e s aved, while t h e others were redi ssolved i n the 

original s ol v en t - 1d allo · ed to recrystallise. All second crops 

of cryst ls ,ere keep separ a te fro m th e r i rs t. I n order to get 

the mos t regular crl(s tals it w s f ound best to remove t hem a s 

s oon s f ormed. 

In the analysi ◄ of t he samples t h e most - if , icul t problem 

~ras to s ep r te the copper f rom the cadmi um quantitat i v ely, 

and it ·was not until several me t ho s ,. e re tr i ed that on e sui tab le 

, a s f ound. This wa s as f ollows- A o5 gram s runple o the crystals 

w s weighed out anc dissolved i n water and treated with NH"_OH 

unt'l the precipita te formed dissolved giving the so~ution that 

deep blue .copper oolor. This color was estroyed by addin 0 

suffici ent KCN to convert all copper present into t he ouble 
of 

salt"' cuprous cyanid e and potassium cyanide, the co rresponding s ,lt 

of c admi um also being f ormed . The 1 t er i s d ec_ompo s ed by H1s 

whil e the_ ormer is not, an d the separa tion of the copper n 

c admium d epends on thi s f ct. The BOl ut i o1 .:iTas saturated wi th 

H2S ,the c aAmium b eing precipita t ed as the yellow CdS.This 

precipitat e ~as dissolved in hot dilute HCL from a filter pap er 

and allowed to un in a porcel a in Cl'"Ucible. To it was added a 

li t tle concentr t ed H2S04 and the vhole s lowly evapora ted, by 

i~ hi ch process the c admiu._m wa s converted into CdS04 and was 

·v eighe a s such af t er being he : te - to a. r ed hot h ea t. 

1he f iltra te after the removal of the CdS w~e tr ea t ed 

1Vith HNO~, iVhich broke up the double cyan i d e , and was t h en 

evaporated a lmost to dryness , by which opera t i on t h e cyaniae 

and H?S were almost completely destroye ~ le -ving ·-he copper 



c s copper nitrate . a ter .was added and the ol ut ion tre a t ed i,.vi th 

NaOH, to neutralize &!y ac id present ,until a permanent precipitate 

was f ormed . Th e ex.Bes s of alk ii w~s neutralized with a cetic a cid 

t he result being 9 clear pal e gre en s olution . The copper is now 

in such a condi tion that it can be de t ermined by the Iodine an 

Sod i um-th io sulphate methoL. 

In t h i s method the solution containing t h e copper is teated 

wi lih KI , CuI2b eing f ormed, which i m:me i ately break es up into CuI 

and free I. The liberated I i s de·termined by la2S203 usi· g starch 

a s and indi c a to r . Th e same ·a.11 ount of I is liberated .... ,s rema ins 

compined with the copper, thus the amount of copp er present is 

d etermined by the a.i.~ount of free I. 

It see:ns evident t h a t the cadmiu:rn present in t he crystals 

d oes not effect t heir character a s t o its system of crystalliza 

tion. Crys t "ls of I,II,III,IV,V, VI, ar e in general outlin e o f 
u 

the srune make-up a s the pure CuSO .5H20 crystals. VII,VIII an d 

IX ,-hi c h are pure CdS04 .8/3H26 belong to the monocl i nic sys tem. 

The reactions ,!{rhich tak:e pl a c e in all of the ab ove work 

are r eprec:•ented by t 11e f oJ.101 ing equation s -

~I) 

~2) 

(3) 

(4) 

CdS04 -#' 2CuSQ4 + 6KCN : 3K2S04 -r 2Cu( 01, ) ~ +- Cd ( CJ> ) 2 

2Cu(CN)2 ➔ 2CuCN +- C2N2 

2CuCN -r- 6KCl -:: 2K3Cu.( CN) 4 
·• 

Cd(CN)2 + 2KCN: K2Cd(CN)4 

( 5) ~Cd ( CN) 4 + H2S :- CdS + 2KCN + 2HCN. 
,. 

(6) 3CuCN +- 7HN03 = 3Cu (N03)2 +- 3HC] -t- l O r 2H20 

( 7) 3KC:N + 2HN03 :: 3KC1 0 ~ 2NO + H20 or 
f ,/ •• 

( 8) K:-;Cu ( Cl ) 4 ~ 9Hl'iJO:-; ~ 3Cu (1T03 ) 2 ~ 3HCN +- 3NO -t- 3KC.c 0 

;- 3H20c 

( 9) 3HCN +- 2HN0 3 -:: 3HCH0 .,_ 2N0 -1- H20. 

(IO) Cu( N0 3 )2 -r 2KI:. CuI2 ~ 2Kli 03 



(II) CuI2 ➔ CuI + I 

( 12) 2I + 2Na2S203 : 2l~aI +- .£ a2S405 . 

Below are the results of the analyses -

I 
Sample 

A •• 4498gm. 
B •• 4335gm. 

II 
A •• 4355gm. 

• 4404gm 

III 
A •• 4348gm. 
B •• 4338gm. 

IV 

V 

A •• 4650gm. 
B • • 4848gm. 

. A. • 24t.1 6gm. . 

VI 

B. o2502gm. 

A •• I960gm. 
B. . 2003gm. 

VII No Coppero 

VIII No Copper . 

IX No Copper . 

Copper 

.I026gm. 
• 0997gm. 

• IOOS2 m. 
o I0 35L}gm. 

.I0062gm. 
• 0995gm. 

• I029gm. 
. I076gm. 

. 5063gm • 
• 5228gm. 

• 0386gm. 
• 039 9gm. 

Cadmium sulphate 

. 00 96gm • 

.0089gm. 

.OI68gm • 

.0I33gm • 

.03I ogm • 

.0330gm. 

.02 88gm • 

.o352gm. 

.025Igm • 
• 027Igm • 

.027Igrn • 

.0280gm • 

The ratio of ca.dmium sulphat e to copper sulphate and copper 

sulphate to c admium sulphat e i n each sample wa s found by analysis 

to be-

I. 

II. 

III. 

IV. 

v. 
VI . 

CdS04 

I 

I 

I 

I 

I 

I 

.. . . 

CuS04 

35 . 0 

I0.90 

IO.Io 

9 . 2I 

6 . 50 

4 . 60 

• CuS04 

I 

I 

I 

I 

I 

I 

. . 

.. . . 

CdS04 . 

.0285 

.0917 

.09 5 

.I09 5 

.1540 

.2180 

Futher data i n r egar d to f ormula is given below~· he water of 



cry stal liz tion i s not d i s t r i b uted between the t wo sulpha tes b ut 

i s g iven in it s mol e cular ratio e 

I. I :C _By ana lys i s . 
CuS04 . 57. ~2% CuS04 . 57. 2 2% 

CdS04 . , 2. I57~ CdS04 . 2oI3~ 

H20 • 40.65% H20• 42, 87% 

IOO oOO'" t otal. ICD2. 22 ~ 

Formul a- 35CuS04..CdS04 .. 225.5H20• 

II. 

III. 

CuS04 c 

CdS04 • 

H,.o,. 

CuS~~• 

CdS04 . 

II. By a J1 a lys i s . 
58.95% cuso4. 58. 95% 

8.0I,% CdS040 8·.0I> 

33.04;~ H20 • 37 .?0% 

I00.00;"~ -I04.66% 

IV. ,, 

Cuso4:. 5 5 • 5] >'c 

CdSO • 6.7 5% 

34 .75% H20 0 37.74% 

Ieo .oo~r -- 100.001" 
.. 

Formula - IO.I6CuS04 .CdS04 .59.9H20. Formul a - 9.2ICuSOA.CdS04 .62 .7H~0 

v. -.t VI. 
CuSOLl . 52 .I5% CuSO 49.46% 

CdS04 • I0.46 'q CdS04 I3. 8I"" 

H20 • 3S/. 44}~ H20 36. 7 3 c 

IOO • ooi:o IOO o 00°41 

V! I. 1J ormula-

VIII. " " • 

IX. ti rr 
• 



The ·work as awhole is not sat is :f .vc tory but it s eems 1.,hat one 

f. ct has been ~roven, anc t . ~ i o t h, t cadmi um sulphate is soluble 

in copper sulphate while copper sulphate is not soluble i n cadmi um 

sulphat v. fithout a oubt the crystals r ecovere rrom the solutions 

'-rr,ere Cc ses of solid solutions in whic 1 copper sulphate vvas 1e 

solvent an cadmium sulpha te the solute • .1:his solubility s eems to 

incre se with the increase of the concentra tion of the solute an 

its range is between zero and .2I7 molecules to one molecule of 

t h e solvento 

The constitution of the crystals in refer ence tot· e wa t er ~f 

crystallization varied grea tly and it ·appears that this water in- · 

cre _.se s when the salt i s the case o a solid solution, but no defin 

i te lffiV' 4.an b e seen o.i. worked out wit out ver- acura te analyses . 

But it does look a s if · t he cadmium sulphat e i s ·arced t o cry

stallize with 5 mo lecul es of' water inst e d of 8/3 molecules. 




