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Abstract 
Studies on the spectrophotometry of chromium 

stearate and chromium palmita te  in benzene, tol- 
uene, xylene, carbon tetraehloride and pyr idine 
solvents provide evidence for  the existence of com- 
plex ion formation.  I t  has been found tha t  this 
p roper ty  can be applied successfully for the esti- 
mat ion of chromium in the cohen range 1 to 11 
mM/l i t e r  at 425 and 580 m~. The method can be 
employed for the higher c o n c n (  > 11 m M/l i ter )  
range also but  the Beer -Lamber t ' s  law is ap- 
plicable only at  425 m~. 

I 
N OUI~ EARLIER communications we have demon- 
s t rated the ut i l i ty  of the polarographie (1-4) and 

spectrophotometric (5) methods in est imating the 
metal  content of heavy metal  soaps (6). Among the 
different metal  soaps so studied, little at tention was 
pa id  to the s tudy of chromium soaps (6). Prelim- 
inary  work on these soaps was recently taken up in 
this laboratory using o- and m-toluidine as solvents 
(7) where it was found that  the behaviour of these 
soaps is markedly  different f rom other metal  soaps 
with regard to their  solubility in organic solvents. 
They not only go readily into solution in pyr idine 
but  show marked solubility in different hydrocarbons.  
The present  communication deals with our results on 
the spectrophotometry  of chromium stearate and pal- 
mitate  in benzene, toluene, xylene, carbon tetrachloride 
and pyridine. 

Experimental 
A. Material 

Sodium Stearate and Palmitate. Stearic acid and 
palmitie acid (Bri t ish Drug  House) were recrystal-  
lized by alcohol and distilled at 226-228C/10 mm H g  
and 182-186C/10 mm Hg, respectively. Stearic acid 
(142.23 g/ l i ter )  and palmit ic  acid (128.2 g / l i te r )  
were dissolved in alcohol with sodium hydroxide (20 
g / l i te r ) .  Refluxing on a water  bath  for 10-12 hr, 
sodium stearate and sodium palmita te  were obtained. 
These soaps were fu r the r  reerystallized with alcohol. 

Sodium stearate:  mp 139C; sodium pa lmi ta te :  mp 
190C. 

Chromium Stearate. This was p repared  by  direct 
metathesis at 50-55C f rom the corresponding sodium 
soap (1.5% 500 ml) and chrome alum (]..0% 500 ml) 
A.R. The soap precipi tated was washed with distilled 
water  and then with ethanol to remove free precipi- 
t an t  and acid respectively. This soap was dried in 
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vacuum. Soap obtained was of grey  eolour with mp 
165C. The chromium content in the soap was found 
by chemical analysis converting chromium into the 
dichromate and t i t ra t ing  it iodometrieally. The re- 
suit of e lementary analysis was as follows: 

T A B L E  I a 

S o l v e n t  

B e n z e n e  
0 o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t - Io t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o l u e n e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~-Iot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n - H e x a n e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]-Iot  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e t r o l e u m  e t h e r  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]-~ot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P a r a f f i n  ( l i q u i d )  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a r b o n t e t r a e h l o r i d e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C h l o r o f o r m  
0 o 1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a r b o n  d i s u l f i d e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M e t h y l  a l c o h o l  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I s o p r o p y l  a l c o h o l  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I s o - b u t y l - a l c o h o l  

C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 t o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n - A m y l  a l c o h o l  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E t h e r  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I - Iot  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E t h y l  m e t h y l  k e t o n e  
Co ld  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E t h y l  a e e t o a e e t a t e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T u r p e n t i n e  o i l  

C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 - ,  m - t o l u i d i n e  

C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hot  .................................. 

P y r i d i n e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P i p e r i d i n e  
C o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C h r o m i u m  
s t e a r a t e  

S 
t t . S .  

I 
8 

S 
H . S .  

S 
I t . S .  

I 
I 

I 
s 

I 
s 

I 
g 

I 
I 

s 
S 

I 
S 

S 
H . S .  

C h r o m i u m  
p a l u f i t a t e  

S 
t t . S .  

S 
t t . S .  

S 
H . S .  

s 
t I . S .  

I 
S 

S 
t t . S .  

S 
t t . S .  

S 
H . S .  

I 
8 

I 
s 

S 
H . S .  

S 
H . S .  

S 
H.S. 

C o l o u r  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  

V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

V i o l e t  

V i o l e t  
V i o l e t  

R e d  
w i t h  

v i o l e t  
t i n g e  

¥ i o l e t  
V i o l e t  

V i o l e t  
V i o l e t  

a s : S l i g h t l y  s o l u b l e .  
t I . S . = t t i g h l y  s o l u b l e .  
S - - - -So lub le .  
I = I n s o l u b l e .  
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FIG. 1. T h e  v a r i a t i o n  o f  O .D.  w i t h  c o n c n  o f  t h e  b e n z e n e  
s o l u t i o n  o f  c h r o m i u m  s t e a r a t e  ((~)) a n d  c h r o m i u m  p a l m i t a t e  
( O )  a t  4 2 5  m ~  ( 3 , 4 )  a n d  580  m ~  ( 1 , 2 ) ,  r e s p e c t i v e l y .  

Calculated as Cr(C17H35COO)3 Cr, 5.76%. Found :  
Cr, 5.23%. 

Chromium Palmitate. This could be prepared  by 
metathesis at 45-46C f rom corresponding sodium soap 
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FIG. 2. T h e  v a r i a t i o n  o f  O .D.  w i t h  c o h e n  o f  t o l u e n e  s o l u t i o n  
o f  c h r o m i u m  s t e a r a t e  ( O )  a n 4  c h r o m i u m  p a l m i t a t e  ( Q )  a t  4 2 5  
m ~  ( 3 , 4 )  a n d  580  m ~  ( 1 , 2 ) ,  r e s p e c t i v e l y .  
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:FIO. 3. T h e  v a r i a t i o n  o f  O. D.  w i t h  c o n e n  o f  x y l e n e  s o l u t i o n  
o f  c h r o m i u m  s t e a r a t e  ( O )  a n d  c h r o m i u m  p a l m i t a t e  ( O )  a t  
4 2 5  m ~  ( 3 , 4 )  a n d  5 8 0  m/~ ( 1 , 2 ) ,  r e s p e c t i v e l y .  

(1.5% 500 ml) and chrome alum (J.0% 500 ml).  
The soap precipi tated was washed with water  and 
alcohol to remove prec ip i tant  and acid, respectively. 
The soap obtained was of grey colour with mp 120C. 
The metal  content was found iodometrically. The 
result of e lementary analysis was as follows: 

Calculated as Cr(CI~H:~COO)3 Cr, 6.35%. Found:  
Cr, 6.32%. 

Solubility. The solubility of the chromium soaps 
in different solvents was seen af ter  shaking small 
portions of the finely powdered salt with a few milli- 
liters of the solvent. Af te r  s tauding for  several hours, 
a port ion of the liquid was evaporated on a watch 
glass. The solubility in hot solvent was seen by warm- 
ing the mixture  on a water  bath for about an hour. 
The results are given in Table I. 

B .  A p p a r a t u s  

A Bausch & Lomb "Spec t ron ic  20"  was employed 
for absorption measurements.  A red filter was used 
for carry ing out experiments  in the longer wavelength 
regions (650-975 m~).  

T A B L E  I I  

Absorpt ion Maxima of Chromium Stearate  and  Pahni ta te  
in Organ ic  So].~ents 

~[ax. with ~fax. with 
Medium Cr. (iii) - Remark  Cr. (iii) - Remark  

stearate Dalmitate 

Benzene . . . . . . . . .  

Toluene . . . . . . . . .  

Xylene . . . . . . . . . . .  

Carbon tetra- 
chloride ...... 

Pyridine. . . .  : .... 

425 & 580mp, 

425 & 580m~ 

425 & 580m/L 

425 & 580m/~ 
425 & 580m/~ 

Well-defined 
max 

Well-defined 
nl~x 

Well~defined 
lnax 

Welbdefined 
max 

Wetbdefined 
max 

425 & 580 m/z 

425 & 580 m/~ 

425 & 580 mlz 

425 & 580 m/z 
425 & 580 m/z 

Well-defined 
m a x  

Well-defined 
m a x  

Well-defined 
nlax 

Well-defined 
]nax 

Wen-defined 
max 
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F I G .  4 .  T h e  v a r i a t i o n  o f  O . D .  w i t h  c o n c n  o f  c a r b o n  t e t r a -  

c h l o r i d e  s o l u t i o n  o f  c h r o m i u m  s t e a r a t e  ( O )  a n d  c h r o m i u m  

p a h n i t a t e  ( 0 )  a t  4 2 5  m / ~  ( 3 , 4 )  a n d  5 8 0  m ~  ( 1 , 2 ) ,  r e s p e c t i v e l y .  

Results and Discussion 

Koening (8) has shown tha t  chromium stearate 
and palmita te  are insoluble in cold benzene, toluene, 
xylene, carbon tetrachloride, chloroform and ether. 
F r o m  Table I it is evident tha t  chromium stearate 
and palmita te  are soluble in most of the solvents 
provided they are warmed for some time. Under  
this condition solutions of conen up to 2% are 
readi ly  obtained. The hot solutions of stearate and 
palmita te  of chromium af ter  cooling or on evapo- 
rat ion separate out as a sticky amorphous masses 
which change to glossy solids af ter  some time. 

The results of absorption max for  chromium stear- 
ate and chromium palmita te  in different organic 
solvents are given in Table II .  

On plot t ing a g raph  between O.D. (where max 
occurs) and molar conens of metal  soaps at  the two 

T A B L E  I I I  

A b s o r p t i o n  V a l u e s  of  C h r o m i u m  S t e a r a t e  a n d  P a l m i t a t e  
i n  X y l e n e  a t  4 2 5  m ~  a n d  5 8 0  m/z  

Concn 
( C  x m M / l i t e r )  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1  . . . . . . . . . . . . . . . .  , . . . . . . . . . . .  
12  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 2 5  m ~  

C r  ( i i i )  - C r  ( i i i )  - 
stearate 13ahnitate 

0 . 0 5  0 . 0 3  
0 . 0 9  0 . 0 8  
0 . 1 3  0 . 1 1  
0 . 1 9  0 . 1 6  
0 . 2 4  0 . 1 9  
0 . 3 0  0 . 2 4  
0 . 3 5  O.3O 
0 . 3 9  0 . 3 3  
0 . 4 7  0 . 3 9  
0 . 5 0  0 . 4 2  
0 . 5 5  0 . 4 6  
0 . 5 8  0 . 5 0  
0 . 6 5  0 . 5 3  
0 . 7 1  0 . 6 0  

5 8 0  m a  

C r  ( i i i ) -  
s t e a r a t e  

0 . 1 3  
0 . 1 5  
0 . 2 2  
0 . 3 0  
0 . 3 9  
0 . 4 6  
0 . 5 5  
0 . 6 1  
0 . 7 2  
0 . 7 9  
0 . 8 8  
0 . 9 7  
1 . 0 4  
1 . 1 0  

C r  ( i i i ) -  
! o a l m i t a t e  

0 . 0 6  
0 . 1 2  
0 . 2 0  
0 . 2 8  
0 . 3 5  
0 . 4 3  
0 , 5 0  
0 . 5 8  
0 . 6 5  
0 . 7 2  
0 . 7 9  
0 . 8 5  
0 . 9 5  
1 . 0 7  

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

(1) 

0 O0 

n@@ 

0.0 0 5 10 15 20 

C × I0 '~ {mole/liter) 

F I G .  5 .  T h e  v a r i a t i o n  o f  O . D .  w i t h  c o n c n  o f  p y r i d i n e  s o l u t i o n  
o f  c h r o m i u m  s t e a r a t e  ( O )  a n d  c h r o m i u m  p a l m i t a t e  ( O )  a t  4 2 5  

m ~  ( 3 , 4 )  a n d  5 8 0  m / z  ( 1 , 2 ) ,  r e s p e c t i v e l y .  

wavelengths, a l inear relationship was found to exist 
proving the val idi ty  of Beer -Lamber t ' s  law over a 
wide concn range (Fig. 1-5;  typical  results for 
xylene are found in Table I I I ) .  F r o m  Table I l I  
and also f rom Figures  (1-5) ,  it is evident tha t  the 
estimation can be carried out at both wavelengths, 
425 m~ and 580 m~, in the low conch range (1-11 
raM/l i ter)  but  the law is not strickly followed in the 
higher conch ( ~  11 raM/l i ter)  at  580 m~. However,  
this is possible at  the other wavelength, viz., 425 m~. 
In  Table I V  the concn ranges suitable for  estimations 
in different solvents are summarized. 

The method of chemical analysis (9-11) in the 
case of chromium soaps fails to give good and reliable 
results with respect to speetrophotometric method 
when content in the soaps is sufficiently low. I t  is 
only in the coned solution tha t  some concordance in 
data of chemical analysis and spectrophotometric is 
realised. 

In  order to ensure tha t  the maxima existed due 
to chromium soap complex with different organic 
solvents and not because of the format ion of metal- 
solvent complex, absorption ~tudies were made with 

T A B L E  I V  

Concn R a n g e  f o r  C h r o m i u m  C o n t e n t  i n  C r ( i i i ) S t e a r a t e  a n d  Palmitate 

S o l v e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C o n c n  r a n g e  of  t h e  m e t a l  i o n  g / l i t e r  

B e n z e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o l u e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Xylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a r b o n  t e t r a c h l o r i d e  . . . . . . . . . . . . . . . . . . . . . . . . .  

P y r i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 7 1 7  - -  0 . 7 1 7 0  a 
0 . 0 7 , 2 5  - -  0 . 7 2 5 0  b 
0 . 0 4 6 5  - -  0 . 4 6 5 0  a 
0 . 0 6 7 4  - -  0 . 6 7 4 0  b 
0 . 0 7 1 7  - -  0 . 7 1 7 0  a 
0 . 0 7 2 5  - -  0 . 7 2 5 0  b 
0 . 0 4 6 5  - -  0 . 4 6 5 0  a 
0 . 0 6 7 4  - -  0 . 6 7 4 0  b 
0 . 0 8 1 8  - -  0 . 8 1 8 0  ~ 
0 . 0 9 0 6  - -  0 . 9 0 6 0  b 

a C h r o m i u m  s t e a r a t e ,  b C h r o m i u m  palmitate. 
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chromium ni t rate  (10 -2 M) in 1:1 mixtures  of alcohol 
and organic solvents (except for  pyr idine alcohol 
mixture  ill which chromium ni t ra te  did not dissolve). 
In  all these solvents violet-eoloured solutions were ob- 
tained which tu rned  into light green on keeping for  
2-3 hr. The absorption studies of each solution were 
made af ter  the development of stable green eolour. 
In  these solutions two maxima at 430 and 580 nl/, 

TABLE V 

Solvent Soap 
Chemical analysis 

Cr (iJi)- 0.093 Found g 
Benzene ....... 0.083 

stearate 0.0294 0.0194 
Cr (iii)- 0.0779 0.0680 

/ oalmitate[ 0.0246 0.0205 
Toluene ........... 0.093 0.086 

0.0294 0.21 
i 0.0779 0.0727 

0.0246 0.0194 
0.093 0.0856 

Xylene ............ 0.0294 0.0220 
0.0779 0.0745 
0.0246 0.0213 

Carbon tetra- 0.0930 0.0825 
chloride .... 0.0294 0.0220 

0.0779 0.0731 
0.0246 0.0205 

Pyridine ....... 0.1258 0.1156 
0.0325 0.0395 
0.0973 0.0956 
0.0307 , 0.0285 

Speetrophoto- 
metric 

method 

1 Ere/~o: Found % g ~ Er ro r  

- -  1 0  0.094 /1 .05  
34.0 0.029 10.o 
12 .~  0 . 0 7 7 2  1 0 . 8 0  
16 .7  0 .024661  0 .0  

7 0  0 . 0 9 2  I I . O  
28.9 o.o294 I o.o 

6.6 0.0789 1.2 
21.2 0.0246 0.0 

7.0 0.092 1,0 
28.5 0.0294 0.0 

4.3 0.0772 0.89 
13.0 0.0246 0.0 
10.7 0.0920 1.0 
25.9 0.0294 0.0 

6.1 0.0760 1.2 
1 .6 .7  0.0246 0.0 
8.0 0.1256 0.1 

17.9 0.0325 i 0.0 
1.7 0.0973 0.0 
7.2 0.0307 0.0 

were obtained. Although these maxima existed at 
the same wavelengths as those for  the chromic soaps, 
there was a large difference in the O.D. values, so 
much so tha t  the order  of absorption was almost re- 
versed. Here  the O.D. were larger  at  the lower wave- 
length than  at  the higher wavelength. Hence it was 
concluded that  the behaviour of chromic soaps in these 
solvents is quite different f rom tha t  of the correspond- 
ing salts. For  pyr id ine  as the solvent chromic chlo- 
ride instead of chromic ni t ra te  was used. Here  the 
max ima  were realised at  460 m/, and 630 mt~, respec- 
tively, instead of 425 and 580 mt~. 
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Studies on the Behaviour of Chromium (iii) Soaps. 
II. Solubility and Viscometric Studies with Chromium 
Stearate and Palmitate in Nonaqueous Solutions 

W. U. MALIK and S. I. AHMAD, Chemical Laboratories, University of Roorkee, Roorkee, India 

Abstract 
The colloid chenlical behaviour of the chromium 

stearate and palmita te  in nonaqueous solutions 
have been investigated by solubility and visco- 
metric methods. Chromium stearate and palmi- 
tare form no mieellar aggregate in pyr indine but  
aggregate into micelles in benzene, toluene, xylene 
and carbon tetrachloride in the conch range of ca. 
0.7-1.5 ><. 10 .2 mole/liter.  Viscometric studies can 
be utilized in est imating the conch of the metal  
soaps in fa i r ly  coned solution: 0.822-27.431 g /  
liter. 

C HROMIUM SOAPS have found use in indus t ry  (1) 
and technology, especially in the prepara t ion  of 

paints  and varnishes (2) and dewaxing agents (3). 
Their  use in lubricat ing oils has also been reported.  
I t  is, however, surpr is ing tha t  fundamenta l  research 
on these soaps have not been under taken unti l  now. 
Recently we took up systematic investigations in this 
direction, dealing with the physicochemical behaviour 
of these soaps in different organic media. Encourag-  
ing results were obtained on the basis of poIarographic  

(4,5) and spectrophotometric  (6,7) studies with 
pyridine and o- and m-toluidines as organic solvents. 
There it was found tha t  both the polarographic and 
spectrophotometric methods can be usefully employed 
for the estimation of metal  content in soaps when 
highly dilute solutions are meant  for  analysis. 

Next  we a t tempted  a more critical s tudy of the 
propert ies  of chromimn stearate and palmitate.  In  
the first instance we a t tempted  to determine the criti- 
cal micelle concentration (CMC) values of these soaps 
in a number  of organic solvents. In  this communica- 
tion the results obtained f rom the solubility and 
viscometric data  are described. F u r t h e r  work  dealing 
with the composition of the metal  soaps is in prog- 
ress and  would form the basis of a fu ture  communi- 
cation. 

Experimental 
Palmit ic  and stearic acids were reagent  grade Brit-  

ish Drug  House ( B D H )  products  purified by repeated 
crystallization. A.R. samples were chrome alum, 
ehromium nitrate,  chromium chloride and sodium hy- 
droxide benzene, toluene, xylene, carbontetraehloride 


