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ESTIMATION OF SOME ALDEHYDES USING
BrCl REAGENT ON MICRO SCALE

D. P. Prajapati and Ranveer Singh
Synthetic Organic and instrumental Laboratory,
Depart. of Chemistry Govt. P.G. College Seoni (M.P.), India.
Satish Chandra P.G. College, Balia U.P., India.

ABSTRACT

The ¢compounds ¢ontaining ¢arbonyl grouping may be either aldehydié¢ or ketonié and both of
these ¢ould be determined by applying some important reaétions of the éarbonyl function like
oxidation, reduétion and ¢ondensation with the help of the reagents. In view of the fa¢t that a large
number of naturally o¢éurring compounds ¢ontain this ¢arbonyl func¢tion and quite a few synthetic or
naturally o¢¢urring compounds are of practi¢al and industrial importance, the determination of the
¢arbonyl funétion or of the compounds ¢ontaining this group is of special signifi¢ance.

KEYWORDS :Estimation, Aldehydes ,Ketons, Redox reaction, determination, Bromine mono ¢hloride
etc.

INTRODUCTION

Estimation of some aldehydes Vaniline, orthonitro benzaldehyde, para nitro-benzaldehyde,
meta nito-benzaldehyde, para hydroxyl-benzaldehyde, veratraldehyde, dimethyl amino
benzaldehyde, Pyridine 2 aldehyde, thiophene, 2 aldehyde using BrCl reagent in ac¢id medium by miéro
method has been aéhieved. Aliquots ¢ontaining 1-5mg. of the sample are allowed to reaét with 10ml.
of 0.05N BrCl reagent for 15-30 minutes at 5to 60Coniée bath.

After the completion of reaction, the unéonsumed BrCl reagent was titrated with Hypo using
Staré¢h as indiéator. A blank experiment was also run under identi¢al ¢onditions using all the reagents.
Exceptthe sample. The recovery of the sample was ¢al¢ulated with error.
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The effect of various variables and interfering substanées has been studied, On the basis of
Stoi¢hiometry as well as previous available of the readtion. The a¢éuracy of the method is within 1%
most of ¢ases.

Experimental Section
Methods based on oxidation reaction

Methods based on oxidation, ¢an be applied to the éarbonyl éompounds whic¢h are aldehydi¢in
nature and in the ¢ourse of oxidation, the aldehydié funétion is oxidised to the ¢arbonyl function. A
method for the small s¢ale determination of ¢carbonyl compounds employing Vanadium (v) in sulphuri¢
ac¢id medium asthe reagent has been developed and is reported in the present ¢hapter.

Present work

A survey of literature revealed that BrCl has not been utilised for the determination of some
aldehydi¢ éompounds. This encouraged me to study the reaction of BrCl on aldehydes. A rapid method
for the miéro determination of aldehydes has thus been evolved. 1-5mg of the sample is taken in a
reaction flask and the excess of BrCl is added to it. The ¢ontents are allowed to react for a Certain
reaction time on i¢e bath. Now the reaction is quenched by adding 10ml of 1m sulphuri¢ acid and the
unreacted BrClis determined by titrating it against Hypo using Star¢h as indicator.

Material and Methods
Choice of the reagent

In an attempt to develop a qui¢k and ¢onvenient method for the small s¢ale determination of
aldehydi¢ ¢ompounds, BrCl was found to be suitable reagent. The reagent work, at room temperature
(in some cases at 50C) and gives quantitative results within shorter time and the aééuracy of +1% in
most of the ¢ases.

Choice of the reaction

For testing the quantitative validity of the reaction sali¢ylaldehyde was taken as test sample.
Different amount of the sample were allowed to react with varying amounts of BrCl reagent at 50C for
different intervals of reaction time. The stoichiometry of the reacétion was established for ea¢h samples
and a possible ¢ourse of reaction was suggested. On the basis of the reaction ¢onditions developed for
sali¢ylaldehyde the estimation of other aldehydes derivative like vanillin, O-nitro benzaldehyde, M-
nitro benzaldehyde P- nitro benzaldehyde, Veratraldehyde, P-Hydroxy benzaldehyde dimethyl
aminobenzaldehyde, thiophene-2- aldehyde and pyridine-2-aldehyde was ¢arried out. The effe¢t of
interferring substances was also studied.

Effect of variables
Effect of reaction time

Keeping amount of sali¢ylaldehyde, conéetration of BrCl and ¢oncentration as ¢onstant, the
reaction time was varied from 1-45 minutes.

Aliquots ¢ontaining 1-2mg of the sample were allowed to reaét with 10ml of 0.05N BrCl reagent
at room temperature for different intervals of time and the ¢onsumption of Hypo was noted. It was
found that the ¢onsumption of Hypo becomes ¢onstant within 20 minutes only. The value does not
¢hange by giving more reaétion time Similar experiments were performed with vanillin, O-
nitrobenzaldehyde, m-nitrobenzaldehyde, p-nitrobenzaldehyde and P-hydroxy benzaldehyde. It was
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observed that the reaction was completed within 20 minutes only in all these samples, ex¢ept dimethyl
amino benzaldehyde, vertraldehyde, pyridine-2-aldehyde and thiophine-2-aldehyde in 30 minutes.
Thus for the general proéedure of estimation, a reaction time of 20 minutes (in some of ¢ases 30
minutes) was recommended.

Stiochiometry of the reaction

The stiochiometry of the reaction for sali¢ylaldehyde was established in the following
way.Aliquots ¢ontaining 1.5 mg of sali¢ylaldehyde were taken in a 150ml éoniéal flask and 10ml of 0.05
N BrCl reagent was added to it. Contents were shaken well and allowed to reaét for twenty minutes at
50C oniée bath. The ¢ontents shaken for a minute. The unreaéted BrCl reagent and the sali¢ylaldehyde
was ¢aléulated with the amount of the BrCl reagent éonsumed for the sample, similar pro¢edure was
applied for other aldehydes sample also and the molar ration was éal¢ulated

Table-1: Stoichiometric ration between salicylaldehyde and BrCl in Acetic acid medium

Aliquots taken (ml) Molar ration of BrCl Per mole of the¢ompound
Sali¢ylaldehyde 2.007 2.003 1.996
Vanillin 2.001 2.007 1.998
O -nitrobenzaldehyde 2.050 2.050 2.050
M -nitrobenzaldehyde 2.020 2.080 2.020
P-nitrobenzaldehyde 2.003 1.996 2.007
p-hydroxybenzaldehyde 2.007 2.001 2.003
Vertraldehyde 1.999 2.006 2.008
Dimethylaminobenzaldehyde 2.007 2.001 1.997
Pyridine-2-aldehyde 2.003 2.007 1.996
Thiophine-2-aldehyde 2.007 2.003 1.998

Effect of concentration of BrCl

The most important variable to be studied was the ¢onéentration BrCl 1 to 5 mg. of the sample
was allowed to reaét with 10ml. of BrCl reagent of different ¢oncentration. The ¢oncéentration was
varied from 0.10 N to 0.40 N and the rec¢overy of the sample was ¢alc¢ulated. It was found that the best
recovery of the sample was obtained at 0.05 N ¢oncentration of BrCl solution. A lower and higher
¢oncentration tends to give ina¢¢urate results. Thus the avoid of the wastage of the reagent and to get
aééurate results 0.05 N ¢oncentration of BrCl was re¢commended for further estimation.

Small scale determination of Aldehydes :

With the recommended proéedure, the small s¢ale determination of sali¢yalaldehyde, vanillin
o-nitrobenzal dehyde, m-nitrobenzaldehyde, varatraldehyde, p-hydroxybenzaldehyde, p-
nitrobenzaldehyde, dimethylamino benzaldehyde, thiophene-2-aldehyde and pyradine-2-aldehyde
was achieved
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Table :2 Determination of Pyridine-2-aldehyde with 0.05 N BrCl recommended procedure

Sample Amount  Reactio Amount Stoichi- Error %
present ntime recovere ometry
(ml) (min) d (mg)
1 2 3 4 5 6
1. Salicylaldehyde 1.0000 20 0.9910 2 -0.90
3.0000 3.0005 +0.01
5.0000 5.0100 +0.20
2. Vanillin 1.0100 20 1.0186 2 +0.84
3.0300 3.0390 +0.29
5.0500 5.0740 +0.47
3. O-nitrobenzaldehyde 1.0200 20 1.0246 2 +0.45
3.0600 3.0644 +0.14
5.1000 5.1043 +0.08
4. m-nitrobenzaldehyde 1.0300 20 1.0228 2 -0.69
3.0900 3.0861 -0.12
5.1500 5.1670 +0.33
5. p-nitrobenzaldehyde 1.0000 20 1.0076 2 +0.75
3.0000 3.0096 +0.32
5.0000 5.0249 +0.49
6. p-hydroxybenzaldehyde 1.0500 20 1.0396 50 -0.99
3.1500 3.1464 -0.11
5.2500 5.2531 +0.05
7. Dimethyl- aminobenzaldehyde 1.0100 30 1.0140 2 +0.39
3.0300 3.0320 +0.06
5.0500 5.0500 0.00
8. Varatraldehyde 1.0400 30 1.0350 2 -0.48
3.1200 3.1182 -0.05
5.2000 5.1023 +0.02
9. Thiophene-2-aldehyde 1.0400 30 1.0453 2 +0.50
3.1200 3.1252 +0.16
5.2000 5.2106 +0.20
10. Pyridine-2-aldehyde 1.0100 30 1.0039 2 -0.60
3.0300 3.0219 -0.26
5.0500 5.0610 +0.20

In ea¢h ¢ase three determinations were done.
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RESULTS AND DISCUSSION

With the reéommended procedure the milligram determination of sali¢ylaldehyde, o-
nitrobenzaldehyde, m-nitrobenzaldehyde, p-nitro- benzaldehyde, p-hydroxy benzaldehyde,
valraldehyde, vanillin, dimethyl amino, benzaldeyde, pyridine-2-aldehyde and thiophine-2-aldehyde
was achieved. The results given in the Table-14 show that the peréentage recovery of the sample is
fairly constant with the varying sample amount from 1-5 mg.

Taking sali¢ylaldehyde as the test sample the recommended experimental ¢ondition were
obtained by éarrying out the readtion of the sample with BrCl under different éonditions by varying
reaction time, temperature sand the amount of BrCl reagent and ¢alculating the peréentage reéovery
ofthe sample.

It was found that the reaétion was very slow atiée bath and aninérease in the reaétion time upto
60 minutes does not give quantitative results (70-80% reéovery). To make reaction quantitative and
save the reaction time the reaction mixture was heated on a water bath. In this ¢ase the reaétion
mixture becomes turbid ¢reates difficulty in loéating the end point and gives ina¢curate results. The
reaction is completed within 30 minutes.

The effeét of amount of the sample and the amount of BrCl reagent was also studied. The
method is operable even with larger amount of the sample, but in¢rease the éonsumption of large
amount of the reagent. For an a¢éurate determination 10 to 15 times excess of the BrCl reagent was
always needed. Alarge excess leads to ina¢éurate results.

The stoichiometry of the readtion was also established for ea¢h éompound, sali¢yladehyde,
vanillin, o-nitrobenzaldehyde, m-nitrobenzaldehyde, p-nitrobenzaldehyde, veratraldehyde, p-
hydroxyaldehyde, dimethyl aminobenzaldehyde, thiophene-2-aldehyde and pyridine-2-aldehyde
¢onsumes2,2,2,2,2,2,2,2,2and 2 equivalents of BrCl respectively. The stoi¢himetry does not ¢hange
by inéreasing reaction time, reaétion temperature and the reagent ¢concentration.

The survey of literature reveals that the oxidation of aldehydi¢ ¢éompounds has been of
interesting. The compounds whic¢h are aldehydi¢in nature and in the ¢ourse of oxidation, the aldehydi¢
funétionis oxidised to the ¢arboxyli¢ function.

It is well known that the aldehydi¢ funétion is oxidised with any oxidising reagent to from
¢orresponding ¢arboxyli¢ compound.

R-CHO (©) R- COOH

(Aldehydic¢ function) (Carboxyli¢ funétion)

It has been reported earlier by several s¢ientists using different types of oxidising reagent for
the determination of aldehydes. In view of above oxidation reaction and ¢onsidering the amount
of BrCl ¢onsumed per moles of the aldehyde sample, the following ¢ourse of rea¢tion may be proposed
for the oxidation of aldehyde with the use of BrCl reagent.In the present experiment sali¢ylaldehyde,
vanilline, o-nitrobenzaldehyde, p-nitrobenzaldehyde, m-nitrobenzaldehyde, p-hydroxybenzaldehyde,
varatraldehyde, dimethyl amino benzaldehyde, thiophene-2-aldehyde and pyridine-2-aldehyde
c¢onsumes 2, 2,2,2,2,2,2,2,2and 2 moles of BrCl respeétively. All the aldehyde may get oxidised to
corresponding ¢arboxyli¢ a¢id.The overall reaction for the oxidation of aldehydes may be represented
inthe following form. The reaction finds support from previous me¢hanism.55-63
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GHO COOH
—NO, 2 BrCl ~NO,
o)

v

o-nitrobenzaldehyde o-nitrobenzoic acid
GHO COOH
@ 2BrCl @
“NO, O “NO,
m-nitrobenzaldehyde m-nitrobenzoic acid
OH H
— CHO 2 BrCl . — COOH
S >
Salicylaldehyde Salicylic acid
OH OH
— OCH; 2 BrCl R OCH;
5 >
CHO COO0
H
Vanillin Vanillinic acid
HO OCH
2 BrCl R
o P
NO; NO,
p- p-nitrobenzoic acid

nitrobenzaldehyde

HO OOH
2BrCl
-
OH OH

p-hydroxybenzaldehyde p-hydroxybenzoic acid
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CHO OOH
2 BrCl
OCH; © OCH;
OCH;s OCH;
Veratraldehyde 3, 4 dimethoxy benzoic
acid
HO OOH
2 BrCl
O
N(CH3)2 N(CH3)2
Dimethyl amino benzaldehyde Dimethyl amino benzoic acid
@ 2BrCl @
\N CHO © X COO0
N H
Pyridine-2-aldehyde Pyridine -2-carboxylic acid
2BrCl
/N o =\
CHO COO
S S HHHH

Thiophene -2-carboxylic

On the basis of above observations it ¢éan be summarized that generally all aldehydi¢
¢ompounds gets oxidises to ¢orresponding ¢arboxyli¢ acid.

EXPERIMENTAL
REAGENTS AND SOLUTIONS
Bromine monoc¢hloride 0.05N solution

0.6958 g. potassium bromate (AnalaR, B.D.H.) and 0.9917 g. potassium bromide (AnalaN,
B.D.H.) were dissolved in 125 ml. of distilled water in 500 ml. volumetric¢ flask. The solution was ¢ooled
ini¢e, 50 ml. of éonéentrated hydroc¢hloric¢ ac¢id (M.A.R., grade) was added and the solution was made
up to the mark with distilled water. The solution was standardised with 0.02 N. Sodium thiosulphate
solutionandstoredinaniée and salt mixture.
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Glacial aceticacid (AnalaR, B.D.H.)

Sodium thiosulphate - A stock solution of sodium thiosulphate was prepared by disolving
4.9604 g. of sodium thiosulphate in distilled water in a one litre volumetri¢ flask. The solution was
standardised with 0.02 N ¢opper sulphate iodometrically.

Potassiumiodide- 15% (w/v)aqueous solution was prepared.
Starch solution- 1% (w/v) aqueous solution

PREPARATION OF SAMPLE SOLUTION
The samples were weighed aééurately and dissolved in minimum amount of aceti¢ acid and
made up to the volume with ¢old distilled water in volumetri¢ flask to give a ¢oncentration of 1 Mg./ml.
All the sample were of Baker analysed reagent and purity was tested by their melting point
determined.

GENERALPROCEDURE

Aliquots ¢ontaining 1-9 mg. of the sample was plaéed in a 100 ml. iodine flask followed by
addition of 5 ml. of glacial adeti¢ acid, 10 ml. 0.05 N solution of bromine mono¢hloride was added to it
and the ¢ontents were shaken thoroughly. The flask was stoppered, placed in i¢e bath ¢ontaining i¢e
salt mixture and allowed to react for 5 minutes with oé¢asional shaking. In ¢ase of Sali¢ylaldehyde,
Vaillin, o-nitrobenzaldehyde, m-nitrobenzaldehyde, p- nitrobenzaldehyde, p-hydroxybenzaldehyde
were allowed to proc¢eed for 20 minutes. But in ¢ase of Dimethyl-aminobenzaldehyde, Varatraldehyde,
Thiophene-2-aldehyde- Pyridine-2-aldehyde reactions were allowed to proceed for 30 minutes. After
the reaction was over the stopper was washed with 5 ml. of distilled water and 10 ml. of potassium
iodide (15% was added to it. Contents were shaken thoroughly and kept for a minute. The liberated
iodine was titrated with standardised 0.02 N sodium thiosulphate solution using starch as indi¢ator. A
blank experiment was also performed under identi¢al ¢onditions using all the re-agent exéept the
sample.

CALCULATION
mg. of sample =(B-A) xM xN
2xn
A = ml. sodium thiosulphate for sample.
B = ml. sodium thiosulphate for blank.
N = Normality of sodium thiosulphate solution
M = Molecular weight of the sample
n = Moles of brominemonochloride for the sample.
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