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Functional End Group Determination
in Photo-degraded Liquid Rubbers

S. S. SOLANKY* AND R. P. SINGH*#

The end functionality' of the oligomers of natural rubber determined by acetylation, silylation methods
and analysis by !H-NMR using trijluoroacetic acid, titration of hydroperoxide determination
method etc. is investigated. Attempts were made to estimate the end functionalised groups produced
in the chain cleavage during hydrogen peroxide catalysed photo-oxidative degradation of high
molecular weight natural rubber which was an initiation of producing liquid natural rubber.
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The term 'telechelic' describes'-2 the poly-
mers possessing two functional terminal
groups. Telechelic oligomers have their
applications in surface coatings, adhesives as
well as in reactive injection mouldings and
extrusion. Currently, they are also used in
sealants, adhesives, to make block and graft
copolymers and as binder for rocket propel-
lants. Functionality, a very important property
of the pre-polymers, is defined as the average
number of reactive functional groups per
molecule. A number of chemical and spec-
troscopic methods1"7 have been used to
determine such as acetylation, acylation, silyla-
tion, titrimetric, NMR spectroscopy, gas
chromatography, electro-chemical and thermo-
gravimetry. Number-average functionality is
defined as the ratio of the number of
functional groups to the number of macro-
molecule8. The functionality ranging from

1.9 to 2.6 is estimated in commercial hydroxy
terminated polybutadiene. The titrimetric
determination9 of the esterification with
acetic anhydride or phthalic anhydride is a
standard method to determine hydroxyl end
groups. It can be modified to increase
indirectly the enthalpy of this reaction in a
calorimeter with excellent accuracy. Schnecko
and Angew1 used IR spectroscopy to deter-
mine the carboxylic end groups whereas it is
less suitable for hydroxyl group probably
because of structural sensitivity. Houwelingen9

studied acetylation method using dichloro
acetic anhydride (in excess) of dichloro
acetic acid.

Gel Permeation Chromatography (GPC)
has been used to determine the molecular
weight distribution within each functional
groups and the inter-relationship between
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functionality distribution and molecular weight
distribution has been studied10. Patil et a/."
studied the dye interaction test for determi-
nation of hydroxyl groups. Chang et aln

studied in detail the end group determina-
tion of hydroxyl telechelic by infra-red
spectrometry and described that the IR
quantification of the free hydroxyl absorp-
tion at 3640 cm"1, is a convenient method
for analysis of hydroxyl functionality of
linear tri-arm star polyisobutylene. The
band of second harmonic valence vibration
of O-H at 1420 cm'1 can also be used for
determination of hydroxyl group1'. Srecker14

studied the carboxyl-terminated polybutadiene
(CTPB) and established that the gel method
is also applicable to hydroxy-terminated
butadiene prepolymers (HTPB)-isocyanate
systems.

In the present article, the functional end-
groups in photo-degraded liquid natural
rubbers have been determined by acetylation,
silylation and NMR spectroscopy.

EXPERIMENTAL

Materials

Natural rubber (NR) (Mv = 2.82 x 1(T5)
was obtained by the courtesy of Dr. S. Thomas,
M.G. University, Kottayam, Kerala. H3O2
(30wt%), acetyl chloride, phenolphthalein,
sodium hydroxide, potas-sium hydrogen
phthalate, pyridine (AR Grade) and TiO2
(anatase) were supplied by M/s. S.D. Fine
Chemicals Ltd. Trimethyl chlorosilane and
trifluoro acetic acid are Aldrich Chemicals
and used as such. Dry toluene was used during
experiments. Pyridine, acetone and tetra-
hydrofuran were of reagent grades and used
after distillation.

Determination of End Functionalised
Hydroxyl group

In a cylindrical photoreactor, (400 W
medium pressure mercury vapour lamp, A, = >
290 nm), natural rubber was photolysed in
toluene solution (2.5 wt%) at 30°C under
atmospheric air and nitrogen, separately. The
natural rubber solution was constantly stirred
in the presence of hydrogen peroxide and
titanium dioxide. AHquots were withdrawn at
different time intervals and the rubber was
precipitated with acetone and dried under
vacuum. For photo-controlled degradation,
three different experiments were carried out
by taking NR solution with H2O2 (5 mL)
(Experiment 1), 1 w/v% TiO2 (Experiment 2) or
H202 (5 mL) + 1 w/v% TiO2 (Experiment 3),
respectively. The degradation of natural
rubber by FT-IR, }H and 13C-NMR spectros-
copies, were also studied15.

Spectral Analysis

'H-NMR spectra were recorded using
Bruker AC 200 MHz spectrometer (time
acquisition: 22.048 sec, temperature: 24°C,
number of transient; 512) where CDC13
(Aldrich 99.8% D) was used as solvent. Thin
films were obtained by evaporating 1.0% w/v
solution of the oxidized rubber by drying till
constant weight. FT-IR spectra were recorded
by PERKIN ELMER 16 PC spectrophotometer
at room temperature.

Acetylating Method

The acetylation reagent was prepared
by mixing acetyl chloride in dry toluene
(1.5 mole/L). The ice cold 5 mL acetylation
reagent was added in a dry round bottom flask,
containing 1 mL pyridine in natural rubber.
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The pyndme was added m NR m such a
quantity that acetyl chloride was m excess
(0 5 mole) against alcohol The round bottom
flask was stoppered and shaken and put m a
thermostatic bath at 60°C, loosening the
stopper momentarily to expel air and then
stoppered tightly for 45 mm with occasional
shaking The remaining pyridmium salt was
hydrolysed (unused reagent) by addition
of 15 mL of distilled water after cooling
The formed acetic acid was titrated by N/2
NaOH solution using phenolphthalem as an
indicator The number of hydroxyl groups
were obtained by the difference between the
OH content measured in the sample and the
blank experiment

(Blank - sample
Hydroxyl reading of burette)

number per ^ X [N] NaOH X 40 l

repeating Wt of polymer (g) /
unit 68 12

Functionality

The functionality of the telechehc ohgomers
has a greater significance by itself Properties
such as viscosity of the fine solids loaded
mixture and the strength of the cured propellant
are greatly affected by the functionality of the
polymer Probably, it is the most important
single parameter which determines the nature
of the oligomeric chains Number average
molecular weight (M,,) was determined by
Vapour Pressure Osmometer, and functionality
was calculated

77 _ Mn X Hydroxyl number

40000

where hydroxyl number is equal to NaOH
(mg)/polymer (g)

Silylation Method

The degraded natural rubber sample
(50 mg) was dissolved in benzene (3 33 mL)
with tnmethyl chlorosilane and pyndme
(1 mL), refluxed for 1 h under argon atmos-
phere The remaining tnmethyl chlorosilane
(06319 mL or 1 5 mole/L) and the assumed
secondary products were discarded by vacuum
drying Benzene and pyndme were also
removed under reduced pressure The 'H-NMR
analysis was performed m CDC13 without
TMS Hydroxyl functionality of the polymer
was replaced by tnmethoxysilane group where
the presence of methyl proton shift at 8 =
0 p p m proves the presence of hydroxyl group
in the degraded sample (Figures 3 and 4) and
the functionality was calculated

[Intensity of-OSi
= (Me) 3 / 9 ]XM n

Intensity of diene chain /
[(2x+y) X 68 12]

where (2x+y) = 1,
x and y can be determined in the

vmyhc region of 'H-NMR spectra,
y = 1,4 structure where 5 = 5 1 p p m

HO + CISi (CH3)3

OSi(CH3)3(CH3)3 SiO

Hydroxyl Group Determination by Using
Trifluoro Acetic Acid

The measure of the intensity of the signal
corresponding to the proton of the hydroxyl
displaced by addition of tnfluoroacetic acid led
to good results m the case of ohgomers This
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signal was not detected for the polymers
having Mn more than 3000. The functionality
may be calculated by:

F =

[Intensity of
-CH2O/2] X M,

Intensity of CH=CH/
[(2x+y) X 68.12]

. . .4

Hydroperoxy Group
Titrimetric Method

Determination by

The titration method was used as reported
by Brosse and co-workers16. The degraded
natural rubber sample (1 g) was dissolved in
toluene (20 mL) with 2-propanol (80 mL),
acetic acid (10 mL) and potassium iodide
solution (3%), refluxed for 1 h. On addition of
thiosulphate, no colour change was observed at
the end of titration which indicated that these
degraded natural rubber samples did not
contain hydroperoxides.

Hydroxyl Group Determination by NMR
Method

The 'H-NMR spectra (Figure 6} presented
the cis 1,4-polyisoprene signals in CDC13 at
24°C, 'H-NMR 5 = 1.63 p.p.m. (-CH3, 3 H); 8
= 2.05 p.p.m. (-CH2-C=C, 4 H); 5 = 5.1 p.p.m.
(vinylic proton). The signal due to hydroxy

proton in the hydroxymethyl group is observed
at - 4.15 p.p.m.[K but in our studies, this peak
was quite clear at 3.5 p.p.m. - 4.0 p.p.m. under
air as well as nitrogen atmosphere.

Molecular Weight Determination

Mn of the controlled degraded rubbers were
determined in dried toluene (0.016 wt%) at
25 ± 0.1 °C using vapour pressure osmometer
as shown in Tables I and 2.

RESULTS AND DISCUSSION

The functionality and reproducibility of the end
groups depend on the photocatalytic and/or
oxidizing agents. A high value of functionality
andrandomness was observed in case of photo-
degradation of neat natural rubber (Table 3).
The addition of oxidizing agent and co-catalyst
may constitute an essential feature for more
accurate functionality.

Functionality was estimated ̂  2 in Experiment
Number 3, as shown in Figures 1 and 2. It was
proposed that hydrogen peroxide and/or allylic
hydroperoxides act as photo-initiators and
produce hydroxy radicals and/or alkoxy
radicals. Addition of titanium dioxide is a new
approach in combination of H2O2 in the chain
cleavage of NR in the solution form. The TiO2
catalyzed photo-oxidation generates hydroxy

TABLE t . M,, OF PHOTO-DEGRADED NATURAL RUBBER (IN AIR)

Irradiation
time (h)

0
36
63

Number average molecular weight (X 10
NR NR+H2O2 NR+TiO?

282
8.3
7.2

282
1.11
1.02

282
2.37
1.86

5)
NR+H2O2+TiO2

282
2.19
1.58
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TABLE 2. Mn OF PHOTO-DEGRADED NATURAL RUBBER
(IN NITROGEN ATMOSPHERE)

Irradiation
time (h)

Number average molecular weight (x 10"
NR NR+H2O2 NR+TiO2

0 282
36
63

9.9
6.1

282
6.3

3.26

282
4.63
4.21

NR+H2O2+TiO2

282
5.67
5.03

TABLE 3. DETERMINATION OF HYDROXYL NUMBER IN THE
PHOTO-DEGRADED NATURAL RUBBER

Samples

NR

Irradiation time
(h)

Neat
36
63

NR+HA 36

NR+TiO,

NR+H2O2+TiO2

63
36
63
36
63

In air

0.015
11.71

13
68.1
74.5

20.59
38.49
32.14
49.87

Hydroxyl number
In nitrogen

0.015
4.96
16.32
11.17
-

12.52
-

11 8
14.2

radicals1* l9 on its surface which produces
hydroxy-terminated end groups. The absorbed
U.V radiation < 370 nm releases electrons and
positive holes in the TiO2 crystals, some of
which diffuse into the surface, resulting in the
production of free radicals, which can attack
the polymer causing the classical oxidative
degradation. Under nitrogen atmosphere, it
was observed that continuous increase in
hydroxyl region which may be due to the
accumulation of hydroxyl groups onto TiO2, as
they were not decomposed due to lack of
free hydroxy groups formed in the presence
of air as shown in Figure 1. The results
show that functionality ~ 2 was achieved after
63 h of photo-irradiation of natural rubber

(Figures 2 and 3) while in initial irradiation
hours, it was very low.

The results were not very much satisfactory
by silylation method. Functionality determined
was 1.66 (Figure 4) and 1.72 (Figure 5).

The determination of the functionality of
the degraded natural rubber using trifluo-
roacetic acid method was a simple and reliable
technique where x andy were the molar ratio of
1,2 and 1,4 units (molecular weight of a unit =
68.12). Since the peak intensity was very weak
in this analysis as shown in Figure 6, the exact
functionality could not be detected in the
degraded natural rubber samples.
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Figure ] FT-IR spectral changes in the (A) hydroxy and (B) carbonyl region ofUV irradiated
natural rubber in the presence of titanium dioxide (under nitrogen atmosphere)

a Control, b 12 h, c 36 h, d 48 h and e 63 h
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Figure 4 'H-NMR spectra of degraded natural rubber to determine the functionality.
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Figure 5 ''H-NMR spectra of degraded natural rubber to determine the functionality.
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Figure 6. 'H-NMR spectra of degraded natural rubber to determine the
functionality using trifluoro acetic acid.
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Figure 7. 'H-NMR spectra of ftmctionalised photo-degraded rubber.
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The photolysis in the presence of hydrogen
peroxide causes hydroxy radical-induced chain
cleavage20' 2 I and therefore was implied to
characterise the resulting allylic alcohol chain
ends. The proton adjacent to the oxygen at the
end groups could be detected at 8 = 3.4 p.p.m.
- 3.8 p.p.m. in natural rubber and latexes
(Figure 7). Errors are, however, conceivable if
more than one OCH2- group was present at the
chain end.
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