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CHROMATOGRAPHIC SEPARATION OF SOME 
PHENOLS BY NEW ADSORBENT 

D. K. SINGH AND ABNA MISIIRA 
Department of Chemistry 

Harcourt Butler Technological Institute 
Kanpur, India 

Papers iapapregnated w i t h  Fron(If1) hexamine have been used 

t o  chromatograph variour phenols i n  ethanol, varying concent- 

ration8 of anronie and mixture of othanol and ermonia. A larpe 

difference ln I$ 

factory separation. Various analyt ical ly  isportant  qua l i ta t ive  

separations on impregnated papers and quant l ta t lve reparations 

on iron( 111) hoxamlne column8 have been developed, 

valuer war taken a0 a c r i t e r i an  f o r  ra t i s -  

USICr)DUCTION 

Recently, htelvrt in chromatographic adsozbents for 

e f f l c l e n t  separation of phenol8 ha8 been hcree8.d. Clark 

ruggested use of ion excnange paperr f o r  the separation of 

phenol8 (1). lb r t  of the e a r l i e r  reported s o r k n t r  either 

interforced i n  the  dotection of phenolr, or lacked adequate 

~ 8 0 l U u O I b .  StMnk laolybd8tO (2) and Z ~ C  8 i l h t e  (3) 

paper chromatography and iron(II1) diethanolamino (4) both h 
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370 SINGH AND MISHRA 

paper and colwm chromatography have been elployed as  adror- 

bents fo r  t n e  separatmn of phenols. Our prewiouo etudy showed 

t h a t  iron(II1) hexamine ge l  (UIA) ( 5 )  is readily reproducible 

and f a i r l y  s table  i n  water, acid8 upto 1 M and oPrPnia upto 

4& 

for phenols sugge8ted Its us0 a8 a new chromatographic adsorbent 

f o r  t h e i r  separatl.on. On the b a d 8  of differoncor i n  RF values 

some phenols were separated on these papers and on c o ~ u u r r  of 

iron(f1I) hexamine adsorbent. After separation, t he  pbonolr, 

e luted successfully from t h e  adsorbent coluum, w e r e  determined 

spectrephotometrically using Folllns reagent ( 6 )  

The high sorption capacity and select ive behaviour of IHA 

UBERIIWTAL 
Alu#wiu 

QIroPetography was performed on ispregnated Whatman No.3 

paper strips 15~2.5 cm using ZOx5 cm glass jars. 

R..aentr 
Chemical8 and solvent8 were of analyt ical  grade. Phenol 

rolutionr were prepared in  water o r  othanol. 

-tion of I ~ n q l l . a t e d  Pamera 

matman No.3 paper s t r i p 8  of required eize w e r e  d1gp.d 

i n  0.1 Y iron(II1) n i t r a t e  f o r  15-20 8ec and dried a t  roo11 

temperature. Thoy were then dipped i n  0.4 Y hexmine for 

4 0 4 5  oec, the  excess of the reagent was dr8in.d off  and 

finolry the s t r ip8  we- dried a t  room terperature (4). 

D.tector. 
All the phenol8 gave colwrod spot. Phenolphthaloin w m  

detected w i t h  m n i a  in alcoholic system only. 
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SEPARATION OF PHENOLS BY NEW ADSORBENT 37 I 

s 
Sorption Capacity of Iron(II1) Hexamhe 

S1.No. Phenols Sorption capacity (g g-l) 

1 Re son inol  20 -68 

2 Quinol 22.82 

3 PhloYogluclnol 42.24 

4 Sal icycl ic  acid 67.20 

5 Pyrocatechol 76 -00 

6 Pyrogallol 92.10 

Eluate volume (ml) 

FIGURE 1 Breakthrough c u r v e s  of p h l o r o g l u c i n o l ,  pyroca techol  
and  p y r o g a l l o l .  
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312 SINGH AND MISHRA 

TABLE 2 

RF \values of Phenols on Iron(II1) Hexamine impregnated Papers 

Pher :oh Concentrat ions of Amaran ia(M) Ethanol - 
Ethanol 0.01 0.1 1.0 NH3(o.1 M) 

(1:1) 

P y rogallol 

Py roca t ec  ho l  

P hlorog l u c i n o l  

Resorc in01 

Quir 01 

2-&thy1 resor- 

Pher 01 

m-Nj trophenol 

p-Nj tmphenol 

2.5- Dinitrophenol 

2.4- Dinitrophenol 

P i c i i c  acid 

a-Nsphthol 

B-Nsphthol 

naph tho1 

Vanil l in 

O r c i n o l  

p-tert-awl- 
phenol 

p-BI omophenol 

c i n o l  

2 p4-Dini tro-1-  

0.0 

0.10 

0.64 

0.90 

0.81 

0.72 

0.90 

0.63 

0.80 

0.56 

0.66 

0.50 

0.80 

0.86 

0.22 

0.78 

0.90 

0.56 

0.70 

0 .o 
0.10 

0.36 

0.42 

0.P 

0.40 

0.44 

0.42 

0.48 

0.52 

0.60 

0.42 

0 -0 

0.38 

0.28 

0 .52  

0.30 

0.22 

0.26 

0 .o 
0.12 

0.41 

0.53 

0.46 

0.46 

0.50 

0.49 

0.50 

0.58 

0.62 

0.56 

0.06 

0.49 

O..W 

0.72 

0.42 

0.34 

0.38 

0.06 

0.24 

0.50 

0.67 

0.66 

0.54 

0 .74  

0.62 

0.68 

0.65 

0.68 

0 -62 

0.08 

0.56 

0.54 

0.82 

0.68 

0.42 

0.44 

0 .o 
0.14 

0.52 

0.65 

0.73 

0.68 

0.82 

0.50 

0.68 

0.60 

0.62 

0.60 

0.45 

0.72 

0.50 

0 0 8 0  

0.60 

0.49 

0.56 
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SEPARATION OF PHENOLS BY YEW ADSORBENT 

0-cre sol 

m-Cresol 

3,4-Xylene-l-ol 

S a l i c y l i c  acid 

3, ti-Dinitro- 
s a l i c y l i c  acid 

Ga l l i c  ac id  

Tannic acid 

Xylenol orange 

Bromocresol green 

Bromothymol blue 

Phenolphthalein 

%Adnophenol 

0.80 

0.90 

0.80 

u.18 

0.08 

0.18 

0 .o 
0 .o 
0.40 

0.78 

0 082 

0.40 

0.0 

0.28 

- 
c.42 

0.38 

0.12 

0.0 

0.15 

0.42 

0.46 

0.36 

0 .a 

0.02 

0.40 

0.72 

o.ba 

0.52 

0.20 

0.04 

0.26 

0.52 

0.58 

0.46 

0.08 

0.24 

0.55 

0.78 

0.52 

0.68 

0.34 

0.10 

0.40 

0.90 

0.70 

0.62 

0.28 

313  

0.68 

0.72 

0.75 

0.50 

0.44 

0.20 

0.02 

0.20 

0.68 

0.68 

0.78 

0.24 

Pm-w 
One or two spo t s  of phenol so lu t ion  were placed w i t h  the 

he lp  of a f i n e  g l a s s  c a p i l l a r y  on t h e  impregnated s t r i p .  A f t e r  

5 min conditioning of t h e  strip, the solvent  #as allowed t o  

ascend. The F$ values were calculated as usual. 

Svnth esis of Iron(1II) Hexamin e 

f ron ( I I1 )  hexamlne (5 )  was synthesized by mixing 0.1 M 

aqueous so lu t ion  of irOn(II1) n i t r a t e  t o  0.4 M aqueous solut ion 

of hexamhe (2:l). After agbg for  24 h a t  room t e lpo ra tu re  

tho m o u l t a n t  gel waa fi l tered by r u t t i o n ,  t h o ? ~ ~ g h l y  w8.h.d 

with deionized water and then d r i ed  a t  60°C In an oven. 

Grinding the gel followed by s b v h g  to m-150 . esh  8 i t O .  

gave the adsorbent. 
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374 SINGH AND MISHRA 

$ABLE 4 
Set baration achieved on Iron( 111) hexamhe impregnated papers 

- 
Sl NO. Separation Solvent - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Pyrogallol(O.O)-Resorc~nol(O.~) 

Pyrogal lol(  0.0)-2-Methyl resorcinol(  0.72) 

py rog a l l o l (  0 .O ) S h l o r o g  luc  In01 (0.62) 

Pyrogal lo l (0 .0)4henol (O.88~ 

pyrogallol(0 .O j-Vanillin(O. 76 i 

Xylenol orange(O.O)-Phenolphthale~(O.~) 

Xylenol orange(O.O)-Bromothymol blue(0.75) 

3 ,5-Dini t rosal icyl ic  acid (0.08) - 
2,4-Dlnitrophenol (0.64) 

Pyrogallol(O.0) - Bromocresol green(0.40) - 
Resorclnol (0.90) 

Pyrocatecnol(O.10) - 3-Aminophenol(0.40) - 
Phenol (0.89) 

S a l i c y l i c  acld(O.15) - P i c r i c  acid (0.500) - 
Phenol (0.90) . 
a-Naphthol(0.05) - p-Naphthol(O.56) 

a-Naph tho1 (0.05 ) - P hen01 ( 0.72) 

Tannic acid(0.0) - P i c r i c  acid (0.60) 

Tennic acid(0.0) - Sa l i cy l i c  acid (0.50) 

Ethanol 

1 1  

1 *  

* *  
9 9  

I ?  

* *  
1 9  

P *  

1 s  

9 s  

1 M NH3 

# *  

? *  

1 1  

3-Ami.nophenol(0.20)-2,4,6-Trinitropheno1(0.61) e j  

3-~nophenol(O.~)-e8romophenol (0.46) * *  
Pyrogallol(O.0) - Picr ic  ac id  10.60) - 
Aminophenol (0.20) - Picric acid (0.60) - 

1 9  

B r o ~ c ~ 8 0 1  green (0.921 

Bromocresol green (0.92) 
* *  
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SEPARATION OF PHENOLS BY NEW ADSORBENT 375 

20 o-cresol(o.o) - m-Cresol(0.40) 0.1 M NH3 

21 0-Cresol(O.0) - Phenol (0.78) 8 #  

22 o-Crerol(O.0) - Rerorclnol (0.53) * #  

23 ~-Adnaphonol(O.Ol) - Quinol(O.46) - * *  
V M i l l h  (0.72) 

24 Pyrogallol(O.0) - Qulnol(O.72) Ethanol + 0.1 Y NH3 
(1x1) 

25 Pyrogallol(0 -0) - p-)(itropnenol(O. 78) * *  
26 Pyrogallol(O.Ol) - cNltrophrnol(0.60) * #  

27 Pyrocatechol(O.lP) - Rsoorcinol(0.50) * *  
20 Pyrocatechol(O.lP) - Qulnol (0.72) I *  

29 Pyrocatechol(O.11) - Phenol (0.80) * I  

30 Pyrocatecnol(C.12) - 2-Meth 1 

31 Pyrocatechol(O.11) - Phlorogluchol(O.52) D *  

32 Pyrogsllol(O.0) - Salicylic acid (0.48) * #  

resorr&iol(O.bb) * *  

Phenol(0.80) 

i 
2 A 9188s colupn 30 x 0.39 cm ua8 packed w i t h  2 g of MA. 

-1 The flow rate of effluent was maintained about 0.5 ml d n .  
The off luent  war co l l ec ted  

rpactrophotomtrically ( 6 ) .  

10 m l  fractions and was analyzed 

RESULTS AND OmWM 

-ion c u m  

To determine sorption capacity 1 g IHA war packed l n  a 

column with gla8s wool support. 10 .1 fract ions of predekr- 
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316 SINGH AND MISHRA 

mined amounts of phenols were passed through t h e  column and 

t h e  phenol co l lec ted  i n  the  e f f luen t  was determined. The amount 

i n i t i a l l y  taken minus the  amount found a f t e r  the passtlge 

through t h e  column gave the  amount of  phenol re ta ined by t h e  

adsorbent. The process was continued u n t i l  t h e  amount of phenol 

i n  the f r ac t ion  remained same before and a f t e r  passing through 

the adsorbent (4). The r e s u l t 6  a m  shown In Table 1. Sorption 

capaci ty  of various phenols var ied f r o m  20.68 to  92.10 mg go'. 

This  va r i a t ion  I n  sorpt ion capaci ty  for phenols may k due t o  

the iron-phenol complex formation of varying s t a b i l i t y .  

Break-throuah 

The breakthrough behaviour was s tudied by passing 1 ag 10 m l ' l  
2 so lu t ion  of each phenol through a g l a s s  column 30xO.39 cm 

packed w i t h  1 g IHA. The flow r a t e  was maintained 0.5 m l  min.'l 

T h e  breakthrough curves a r e  given I n  F i g . 1 .  The order  of 

breakthrough obtained for phloroglucinol,  pyrocatechol and 

pyrogal lol  I s  a l s o  supported by RF values (Table 2). 

The RF values of 31 phenols i n  ethanol ,  various concentra- 

t i ons  of aqueous ammonia (0.01 - 1.00 M) and i n  0.1 Y ammonia - 
ethanol  ( l r l )  a re  presented i n  Table 2. The RF 

an i n c r e ~ s i n g  t rend on increased concentration of amonia.  

T h i s  may be a t t r ibu ted  due t o  high s o l u b i l i t y  of phenols i n  

higher  concentration of amonia,  or the  complex i ron( I I1)  - 
hydroxide becomes mre s t ab le  than t h e  complex iron(111) - 
phenol. Ternary a d n e s  a c t  a s  good e l ec t ron  donors toward6 

phenol i n  forming s t rong hydrogen bonds ( 7 ) .  Hence, hydrogen 

bond formation between t h e  H atom of OH group of phenol and 

N atom of amlne may a l so  be held responsible  f o r  t he  chromato- 

graphy of phenols. Sr ivastava et  al .  ( 8 )  have a l so  discussed 

values show 
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SEPARATION OF PHENOLS BY NEW ADSORBENT 377 

TABLE 4 
Separat ions on I ron ( I I1 )  Hexadne Colunms 

s1. Mixture Eluent Eluate  Amount Amount # 
Hoe loaded recovered Error 

(pal) (w) 
Res o rc  ino 1- 

Pyrogal lol  

Hesorcinol- 

Pyrocatechol 

Quinol 

Pyrogal lol  

Ph lo rogluc in01  

Pyrogal lol  

Resorcinol - 
S a l i c y l i c  acid 

Quinol - 
Pyrocatechol 

Resorcinol - 
a d a p h t h o l  - 
Pyrocatechol 

Quinol - 
3-Aminophenol- 

Py roga l lo l  

Ethanol 

2 M M l  in 
e thano i  

Ethanol 

2 M NH3 

Ethanol 

2M NH i n  
e thana l  

Ethanol 

2MNH in 
e thana l  

Ethanol 

1 M NH3 

Ethanol 

2 M NH3 

0.1 Y NH3 

Ethanol 

2 M NH3 

0.1 M i3H3 

Ethanol 

2M EM i n  
e t h a n a l  

20 

50 

20 

40 

20 

50 

30 

50 

20 

30 

20 

40 

20 

20 

40 

40 

40 

50 

400 

492 

400 

495 

402 

493 

398 

494 

401 

398 

401 

494 

400 

398 

396 

402 

398 

492 

0 .o 
-1.6 

0 .o 
-1 e o  

4 . 5  

-1.4 

-0.5 

-1.2 

4.2 

-0.5 

4.2  

-1.2 

0 .o 
-0.5 

-1 .o 
4.5 

-0.5 

-1.6 
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378 SlNGH AND MISHRA 

Ethanol  Water 2 M  NH3 In  EtnonOl  
T T  
- 

P y r o g a i l ~ l  

I I 

u - 
C 
3 
0 
E OIM NH3 Water Ethonol Water 2MNH3 
4 - -r. - 7 -  > 

100 

0 20 

Pyrocatechol  

40 60 - 80 100 120 140 
Eluate volume (ml) 

FIGURE 2 Separations of resorcinol-pyrogallol, and resorcinol-U- 
naphthol-pyrocatechol. 

the chromatographic behaviour of a l iphat i c  m i n e s  on phenol - 
Impregnated th in  layers due t o  hydrogen bond formation between 

the amlne and s i l i c a  gel  as w e l l  as phenols. 

Phenol loixturos having large d i f f erences  i n  RF values w e r e  

t r i e d  for aeparation. Qualitative and quantitat ive separation@ 
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SEPARATION OF PHENOLS BY NEW ADSORBENT 319 

achieved experimentally on impregnated papers and I H A  columns 

a r e  presented in Tables 3 and 4 respect ively.  The r e s u l t s  of 

t h i s  study ind ica t e  t h a t  chromatography on m r e g n a t e d  papers 

can be used t o  p red ic t  t he  separation8 on coluans of t h e  

illpregnating material. The reparat ions am d i s t i n c t  and quanti- 

t a t i v e  (Table 4) and the results a r e  within experimental e r r o r  

range, The e l u t i o n  curves ( F l g . 2 )  given f o r  i l l u s t r a t i o n  show 

t h a t  no s i g n i f i c a n t  t a i l i n g  i s  obtained during t h e  e l u t i o n  of 

various phenols and only small volumes of e luents  are  required. 

The phenol having higher RF 

and t h a t  having lower RF 

the  phenol having lower RF 

IHA. 

value (Table 2) is e lu t ed  f i rs t  

value is eluted l a t e r .  This is because 

value has g r e a t e r  a f f i n i t y  towards 

It, therefore ,  seems t h a t  chromatographic behavbur  of 

phenols on iron(II1) hexamine Impregnated papers and IHA c o l u m s  

is due t o  the  coaplex i r o n ( I I I )  - phenol a s  well as hydrogen 

bond formation between aodne and phenols. 
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