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SUMMARY 

A method was clevelopecl, combining reaction paper chromatography with 
electrolytic reduction, for the determination of the presence of -COOH groups and 
possibly their number by comparing the RI,- values before and after reaction. More- 
over, in the solvent system used (jz-propanol-ammonia), it is possible to assess the 
presence of other functional groups from the shift in the XJP values. 

When identifying organic substances, it is in some cases necessary to determine 
the number of carboxyl groups present in carboxylic acids. If no other groups are 
present in the molecule, this information can be obtained, for instance, by paper 
electroplioresisy or from the Rpv values, or possibly quantitatively after decarbox- 
ylation2. However, both electrophoresis and paper chromatography are interferecl 
with by the presence of other functional groups that are capable of establishing 
intermolecular hydrogen bridges, such as -SO,I-I, -OH, -NH, and -CONH,, as these 
functional groups affect both the mobility in electrophoresis and the RF value in 
paper chromatography. 

However, the car-boxy1 group can be reduced electrolytically to the aldehyde or 
possibly clown to the corresponding alcoholic function. A number of studies dealing 
with this problem have already been described 3-13, Many of them, however, make use 
of Substitution reactions, which are unsuitable for our purpose. The most suitable 
procedure was that described by MXTTLER~, who obtained the corresponding aldehydes 
from certain aromatic carboxylic acids without partitioning the anode and cathode 
compartments. The preparation of the ‘electrodes used was also simple. 

EXPERIMENTAL 

The procedure described by METTIZR~ was adapted for our purposes, The 
electrolyte used contaiuecl G g of boric acid and G g 0% soclium sulphate in IOO ml of 
water. The aromatic acids to be analyzed were dissolved in a minimum amount of 
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IO-I~O/~ aqueous sodium carbonate solution. The analysis was performed with a 
solution in the electrolyte, the volume of which corresponded to a sample solution 
with a concentration of about 5%. A mercury cathode and a platinum anode were 
used as electrodes. The electrolytic reduction was carried out i,n a small glass reactor 
(Fig, I). The platinum anode (2) is formed from a small platinum sheet situated at 
the wall of the electrolytic vessel, and the cathode (I) is mercury situated in the bottom of 
the reactor and in a side branch, where a platinum wire (3) and a copper wire (6) dip 
into the mercury. The reaction vessel is provided with a drain tap(4) at the bottom. 

_- 5 

Fig. I. Glass reactor for the clcctrolytic rccluction of carboxylic acids. The parts arc iclcntilicd in 
the text. 

The electrolytic reduction is carried out as follows. About 5 ml of electrolyte are 
introduced on to the mercury in the bottom of the vessel and the sample solution is 
added about r/2 min after switching on the current. The electrolysis is allowed to 
proceed for IO min (in exceptional cases for 30 min). As the solution is strongly heated 
by the passage of current, the entire reactor vessel is immersed in a vessel (5) supplied 
with flowing cooling water. In spite of this, the temperature in the reactor becomes 
quite high, about 50-80”. At an electrode potential of 12 V the current varies from 
I,.& to 2A. 

The current is switched off after IO min and the electrolyte is used directly for 
application on to the chromatography paper. Whatman No. 3 paper is used in an 
n-propanol-ammonia (2 :I) solvent system. About 10-15 ,~l of the sample are applied, 
simultaneously with the original non-electrolyzed sample. 

After the conclusion of the separation, the paper strip with the original sample 
is sprayed with 2,6-dichlorophenolindophenol (saturated aqueous solution) and the 
paper strip with the electrolyzed sample is treated with z,4-dinitrophenylhydrazine 
(saturated solution in 2 N hydrochloric acid). When other functional groups are also 
to be studied, use can be macIe of other suitable detection agents. 
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The shift in the Xl,- values of the aldehydes fbrmed is determined 
141~ .value of the original substance. The Rp? values and the shifts clue 
reduction are listed in Table I. 

TARLE I 

331 

in terms of the 
to electrolytic 

&!&? VALUES 017 CARBOXYLIC ACIDS Bl%FORE AND APTER l3LECTROLY’IXC RI5DUCTION 

Whatman No. 3 pnpcr; n.-propnnol-nnzmonin (2 :I) solvent. 
-_-.- ..-_.- ---.--.--._ - ._... - _..._ _.. __.. ._ . ..___.. ..__ . .__. -..-_- ..__ __,..__.. _.... _ . _.. ____ _.. ._,_. __ _. 

Swktance RF d &I 
-~-- ---- ---- -_- 

O&hat l I II IIC / II rr1 
substance spots spots spots spots spots spots 

~ .-.--.-- -._----.__-_~---.-- -...... --_.-_--_- ._--.-_--_--~-- -._. ._... -.._ 

I 

2 

3 

4 

5 

6 

7 

8 

9 

COOH 

0 COOH 

COOH 

0 
COOH 

COOH 

Q COOH 

COOH 

o- 

OH 

?OOH 

0 
OH 

COOH 

Q OH 
OH 

COOH 

b 

SO,H 

COOH 

-b 

OH 

HO,S 

COOH 

a- 

COOH 

COOH 

0.27 0.65 0.83 
. -0.70 -1.12 

0.26 l O.GI 0.87 

0.27 0.65 0.87 

0.72 0.85 

0.38 0.73 

0.15 0.53 

0.27 0.70 

0.55 

0.25 0.75 0.90 -0.74 - 1.70 -2.17 

~.___ __ _.. __ _..... .-___-.._- .____._ .._ .__.. .-. .._ _..- ..__ - _.-. 

(Continmd on fi. 332) 

- cd4 - 1.27 

-6.70 - I * 2 5 

-o.35 

- 0.64. 

--o.SI 

- o.so 

- 0,30 
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%ARLl3 I (conti~maxl) 
------ ..-. ------- . ..-..._ - _..... - -.--- ---- ..__.._._ _.___.-.. ._.. ._l__l -.---.. -.--._-,_ .._ ---____ 
Subslance 

_. ---_ -... ___._ _. _. ___ 

COOH 
COOH 

IO 
HOOC 

II 

12 

I3 

‘4 

IS 

IG 

‘7 

18 

19 

20 

tOOH 

COOH 

OH J5 COOH 

COOH 

b 

NH2 

COOH 

“JHz 

COOH 

0 
NH2 

COOH 

Q 

OH 

N’-‘z 

COOH 

COOH 

COOCH3 

Q 
0.27lL 
(w4) 

COOCH3 

COOCH, 

0 

0.26” 

(0.70) 

COOH 

COOCH3 

Q 

0.2GB 

(0.94) 

COOCH3 

I II III / II II/ 
sfiots s/Jots spots sjJots spots s)ots 
.- _.. _._ .._-.. -. ..-. . _._. .__.. -.- .._._.._. _.._ -__. _ __ 

0.09 0.24 0.35 -0.89 -1.41 - (wxl.1~) 1.70 

0.22 OS.57 --o-75 - I * il.2 
(wcnk) 

0.q 

O.YLl 

0.82 

0.87 

0.69 o.H7 
(\w!;1lc) 

0.0 I 

0.62 0.87 
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-0.55 

-0.78 

-0.76 

- o.Go 
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-0.23 

-0.78 

- 0. Gd.$ 
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--. --.-----.--.---t-I ._____ .._-- ..__ - _______ _ __._._ _ __.__..__ ___ 
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^_._.._ _... --. ._ 
S?l!!Jsta~~acc 
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_  - .._ _---_ 
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0.63 0.8s) -0.M - I.34 
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26 
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2x 

29 

0 COOH 

COOH 
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CN 

COOH 
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COOH 

COOH 
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HO -Q COOH 
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6 

OH 

NH2 
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b 

NOa 
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Q NO2 

COOH 

3’ 

NO2 

COOH 

31 
b 

COOH 

NO2 

O.GS 

0.66 

0.05 

O.,lS 

0.01 

0.69 

0.70 

0.27 

0.88 -1.31 

CJ,cyJ 

0~27 

0,22 0.57 
(wnlc) 

0,29” O.SS 

(wc;‘lc) 

- 0.83 

-0.06 
. 

--o-33 

. -0.75 --r.42 

-0.73 

-1-0.48" -0.67 

O&fj” O.S‘[ -j-0*41)' -0.37 

0.39” 0.Hg +o.+” -0.54 

O,IflP 0.31' 0.861 -t_ 0.29” - 0.08” -1.22’3 
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..^__ ___.._-__-_-___ ..-_ ._.---- ___. _. . . -_____._-___._-___ -_--- _--. _._. -_~ _._. - ..___._ ____._____-__ 

*L Vnluc co~nputccl with rcspcct to tllc corrcsponcling acid. 
1’ Positive rcnction with Ehrlicl~ rcnpmt. 
(wcnlc) = wcnlc spot. 
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RESULTS AND DISCUSSION 

The results of the present: method show that electrolytic reduction can be used 
advanLageously for the identification of benzenecarboxylic acids which may be 
substituted by further functional groups, because the difference between RF (RM) 
values before and after the reaction can be utilized for this purpose. On average, this 
shift for one -COOH group amounts to R&J = -0.75 (Rp = +0.37), for two -COON: 
groups RM = -1.33, and for three such groups R&l = -1.~~4. The only exception is 
represented by such cases where an -OH or -NH, group is in the or&o position with 
respect: to the -COOH group (a shift: of Rn/r = -0.23 to -o.Go). Formation of the 
-CHO group is proved by the reaction with 2,+dinitrophenylhydrazine. When the 
benzene nucleus is substituted by more -COOI-I groups, intermediate stage products 
are usually formed. 

Paper chromatography in jt-propanol-ammonia (2 : I) has the advantage that 
substances are separated according only to their ability to form intermolecular hydro- 
gen bridges between the functional group and the developing solvent system, whereas 
the actual position of the functional group on the aromatic nucleus is not decisive. 
Moreover, the Rp value makes it possible to assess the number of polar groups and 
the presence of others. Table II indicates the shifts in the RM values that are caused 
by the presence of various functional groups (relative to benzoic acid), so that the use 
of these values may give further information on the acid to be identified. 

TI-IE SHIFT OF ?i!p VALUES DUE TO VARIOUS FUNCTIONAL GROUPS IN n-~‘ROI’ANOL-AMMONIA (2 : I), 

Rp = 0.70 OF BENZOIC ACID UEING TAKEN AS 13ASE VALUE 

Functioaaal group 

-COOH 
-CIIO 
-01-I 
-NO, 
--SO&I 
-NI-I, 
-COOCH, 
-COI-IN, 
-CN 

-j- 0.88 

-0.75 
fo.Go 

0.00 
-j-o.86 
fo.50 
-0.10 

+o.s(j 
3-0.06 

Some complication arises from the presence of an -NO, group as this is elec- 
trolytically reduced to an -NH, group, so that a further spot: usually appears on the 
chromatogram. This, however, can be easily identified because the -NH, group gives 
the characteristic reaction ,with the Ehrlich reagent. 

The method is not suitable for acids that produce volatile aldehydes, which 
volatilize from the paper, such as benzoic acid and most of the lower aliphatic acids. 

Acids having more than three -COOH groups cannot be converted completely 
to the corresponding aldehyde groups, even by prolonged electrolytic reduction ; this 
is the case, for instance, with benzene-I,z,q,s-tetracarboxylic acid and naphthalene- 
1,4,5,84etracarboxylic acid. 

In spite of these shortcomings, the method of electrolytic .recluction combined 
with paper chromatography is believed to be a suitable technique for the iclentification 
of benzenecarboxylic acids. 
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