
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 19 February 2013, At: 14:17
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Molecular Weight
Determination of Mesogenic
Polyesters Using 1H Nuclear
Magnetic Resonance
Spectroscopy
Y. Moltchanov a , G. W. Buchanan a , A. Yu. Bilibin b

& S. S. Skorokhodov b
a Dept. of Chemistry, Carleton University, Ottawa,
Canada, KIS, 5B6
b Institute of Macromolecular Compounds of the
Academy of Sciences of the U.S.S.R., Leningrad,
199004, U.S.S.R.
Version of record first published: 28 Mar 2007.

To cite this article: Y. Moltchanov , G. W. Buchanan , A. Yu. Bilibin & S. S.
Skorokhodov (1986): Molecular Weight Determination of Mesogenic Polyesters Using
1H Nuclear Magnetic Resonance Spectroscopy, Molecular Crystals and Liquid Crystals,
135:3-4, 213-221

To link to this article:  http://dx.doi.org/10.1080/00268948608084810

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948608084810
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst., 1986, Vol. 135, pp. 213-221 

0 1986 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

0026-8941/86/1354-02131$15.00/0 

Molecular Weight Determination of 
Mesogenic Polyesters Using H 
Nuclear Magnetic Resonance 
Spectroscopy 
Y. MOLTCHANOV? and G. W. BUCHANAN 
Dept. of Chemistry, Carleton University, Ottawa, Canada K1S 586 

and 

A. YU. BlLlBlN and S. S. SKOROKHODOV 
Institute of Macromolecular Compounds of the Academy of Sciences of the 
US. S. R,  Leningrad, 199004, U. S.S. R. 

(Received November 7, 1985) 

A 'H NMR method has been used for the molecular weight determination of mesogenic 
polydecamethylene-4,4'-fumaroyldioxy-dibenzoates (PDFOB). Experimentally ob- 
served and empirically calculated chemical shifts for all non exchangeable protons are 
in good agreement. The number-average molecular weight has been calculated from 
the ratio of integral intensities OF resonances due to protons in the chain segments of 
the polymers to those from terminal protons. The correlation between molecular weight 
and intrinsic viscosity values is discussed. Results derived from NMR data are compared 
with those from other methods. 

Keywords: proton spectroscopy, liquid crystal components. 

INTRODUCTION 

A fundamental property of all polymers is molecular weight. This 
property is of great importance since it is known in many instances 

t Permanent address: Radiophysics Department, Physics Institute of Leningrad State 
University, Leningrad 198904, U.S.S.R. 
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214 Y. MOLTCHANOV er al. 

to affect various physical and mechanical properties of the polymers. 
that a number-average molecular weight of 

a polymer can be obtained by high resolution NMR spectroscopy via 
a comparison of the integrated intensities of the signals from the end 
and internal group protons. The method is especially suited to cases 
in which the terminal group resonances are well resolved. A second 
requirement for precise results is high signal-to-noise ratios in the 
spectra. 

Presently, we have used 'H NMR to determine molecular weights of a 
series of poly-decamethylene-4,4'-fumaroyl-dioxy-dibenzoates (PDFOB) 

It has been 

~ + ~ 2 ) 1 0 4 ~ ~ 4 H = = c H - € 0 ~ 0 - 1 ,  
These materials are of interest since they show liquid crystal prop- 
erties with increasing values of n. 

EXPERIMENTAL 

a. Spectra 

'H spectra were obtained at 200 MHz with a Varian XL-200 NMR 
spectrometer. Samples were examined in 5 mm sample tubes as 3- 
4 weight % solutions in CD2C12, containing TMS as reference. Sweep 
width was 2000 Hz, with 32K data points and an acquisition time of 
8.0 seconds. Pulse width was 45", and typically 300 spectral accu- 
mulations were required for adequate signal to noise ratios. Tem- 
perature was 20.0"C. 

Ratios of integrated intensities were calculated from peak areas 
determined by cutting and weighing procedures. 

b. Materials 

The synthesis of polymer samples was carried out according to4 by 
polycondensation of 4,4'-fumaroyl-dioxy-dibenzoyl-dichloride 
(FOBCh) in diphenylether at 180°C with a flow of argon over the 
course of 2 hours. Putting non-equimolar amounts of monomers into 
polycondensation reactions allowed polymers with specific terminal 
groups to be obtained. 

In this paper the results of study of nine PDFOB samples are 
presented. The samples can be divided into three series. Six polymers 
of the first series, samples 1-6, were produced by polycondensation 
of FOBCh with an excess of 1,lO-decane-diol. They have hydroxy- 
decylene terminal groups. Two samples 7 and 8 of the second series 
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TC, "C r ( 7  dug 

C 142"-144" I 
C 145"--146" I 
C 148"-149" 1 
C 154" I 
C 160" I 
C 164" LC 174" I 

C 159" LC 184" I 
C 164" LC 182" I 

C 166" LC 175" I 

0.25 
0.26 
0.29 
0.43 
0.51 
0.84 

0.42 
0.80 

1.03 

were synthesized with an excess of FOBCh and so polymer molecules 
have 4-carboxy-phenyl end groups. The sample 9 has the terminal 
groups of both types. The presence of definite terminal groups helps 
in the study of polymer molecular weight by NMR. 

Polymer intrinsic viscosities, [q], were measured with the aid of a 
Ubbelohde viscosimeter in CHC13 at 25°C. Phase transition temper- 
atures, c, were measured by polarizing-optical microscopy using 
Boethius apparatus (Dresden, GDR). All the data on intrinsic vis- 
cosities and phase transition temperatures are collected in Table No. 
1. The dependence of PDFOB intrinsic viscosity on the reagent ratio 
during synthesis is shown in Figure 1. 

RESULTS AND DISCUSSION 

a. PDFOB 'H NMR spectrum analysis 

Typical PDFOB high resolution spectra are shown in Figure 2. The 
difference between the spectra of Series I and the Series I1 samples 
is caused by the presence of different terminal groups in the polymer 
molecules. In the first group spectra the triplet from terminal a- 
methylene protons is observed near 3.58 ppm. Terminal OH proton 
resonances were not clearly distinguishable. 

In the second polymer series the signal of the carboxyl proton is 
observed at 7.25 ppm i .e. between the phenyl and vinyl proton lines. 
That this line belongs to the carboxyl proton is confirmed by the fact 
that when D,O is added into the sample immediately before the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



216 Y. MOLTCHANOV er al. 

0.8 0.9 i.0 1.1 1.2 
FIGURE 1 The dependence of PDFOB intrinsic viscosity on the reagent ratio. 

experiment the line intensity markedly diminishes as a result of proton 
exchange. The spectrum of the sample 9 contains the signals of both 
a-methylene and carboxyl protons. 

Analyses of the ‘H spectra were carried out by first order methods. 
The observed chemical shifts were compared to those calculated via 
application of known empirical rules for ‘H chemical shift data and 
results are collected in Table 2. For aromatic protons, the agreement 
between calculated5 and observed results is within 0.1 ppm. In the 
case of the olefinic protons the application of the Tobey-Simon rules6.’ 
yields calculated chemical shifts within 0.26 ppm of those observed. 

In the case of methylene proton resonances, a recent reports has 
suggested modifications of the early rules of Shoolery9 for the pre- 
diction of proton shifts. The modifications take into account ‘‘p” 
effects which were not included in the early work. For methylene 
protons of terminal CH20H groups, the original Shoolery rules lead 
to considerably better agreement between observed and calculated 
data. In contrast, for “internal” methylene protons the new parameted 
give a slightly better fit between the experimental and calculated data. 
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'HMR IN MOLECULAR WEIGHT DETERMINATION 217 

Q Bhc d r t  

a Bhc d O  o f  

0 7 6 5 4 3 2  I 0  a 
FIGURE 2 High resolution 'H NMR spectra of PDFOB. 
I-sample N 2; 11-sample N 7; 111-sample N 9. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



218 Y. MOLTCHANOV er al. 

TABLE 2 

Calculated and Observed. ‘H Chemical Shifts of PDFOB 

Proton (s) 

0 H, 0 

H’ uw C- 

H 
H 

I 
I 

-C=C--  
I 

H 

0 

- CH, -O--!* 

0 

- CH, - - C H 2 U C  

- CH2 - C H , - - O H  

- CH2 --OH 

6 ,  (obs’d) 

8.10 

7.28 

7.23 

4.31 

1.76 

1.35 

3.58 

7.25 

5, (calc’d) 

8.01 

7.26 

6.97 

{ ::;: 
1.73 

1.43 

{ ::;; 
- 

~~ 

References 

5 

5 

6 7  

8 
9 

8 

8 

9 
8 

- 

’ -3-4% solutions (by wt.) in CD,CI, 

b. PDFOB number-averaged molecular weight determination 

The comparison of the integral intensities of PDFOB spectrum com- 
ponents allows determination of the degree of polymerization, n, and, 
accordingly, the number-averaged molecular weight, M,,  for the sam- 
ples under investigation. The value n is directly obtained from the 
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'HMR IN MOLECULAR WEIGHT DETERMINATION 

TABLE 3 

Integral intensities of 'H spectrum components, I, degree of polymerization, n, and 
molecular weight, M,, of PDFOB samples. In parentheses quantity of protons 

producing the line is shown. 

219 

b + c ,  (6) 

69.3 
91.8 
65.7 
74.3 
82.0 
83.0 

46.2 
54.1 

6 48.8 

d ,  (4) e + f, (16) g (4) 

49.0 209 6.00 
72.6 335 8.07 
43.3 155 4.60 
51.7 197 3.50 
64.8 24 1 3.23 
59.6 209 1.40 

9 I 4 0 2  565 I 391 I 1523 I 1.22 

M.. 10-3 

8.57 
18.9 

intensity ratio of any spectrum line to the g or h terminal proton 
group line. 

For the first series of the samples 1-6 in which the proton signal 
of a-methylene terminal groups is well resolved the n value is reliably 
measured with good accuracy. In increasing order its values are 6.9; 
7.6, 8.4, 14, 17 and 38 for the studied PDFOB polymers (Table 3). 

The verification of Mark-Kuhn formula [q] = k .  M;, for this series 
shows that all the points fall on a straight line in the logarithmic scale 

0 5 B is x) ~,.10-3 

FIGURE 3 The dependence of intrinsic viscosity on number-averaged molecular 
weight. 
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220 Y. MOLTCHANOV et al. 

(Figure 3). The index a = 0.74, which characterizes the line incli- 
nation, is in good agreement with the results of Tsvetkov and others'O 
for structurally similar polydecamethyleneterephthaloyl-bis-4-oxy- 
benzoates. 

The low intensity line h in spectra of samples 7 and 8 is observed 
against the background of strong lines b and c. Unfortunately, this 
fact leads to low precision in the line intensity measurements. Ac- 
cordingly it is impossible to obtain the polymerization degree for 
PDFOB samples 7 and 8. 

Proton resonances from terminal groups of both types are observed 
in sample 9. However, the line intensities are extremely low. For this 
sample 6,000 accumulations were required to obtain a good quality 
spectrum. Here again the h line intensity cannot be estimated reliably. 
Thus, the degree of polymerization is calculated only from intensity 
ratio of a-methylene proton line to other spectrum lines, the terminal 
groups of different types being assumed of equal probability. 

The obtained value of n differs markedly from the data for the 
samples from 1 to 6. The correspondent point, M ,  = 79 - lP, does 
not take place on Mark-Kuhn straight line. The difference can be 
explained by a number of factors. One factor responsible for it may 
be the removal of some residual hydroxyl groups, which constitute 
less than 1 percent of the initial proton quantity. This removal may 
result from a chemical side reaction, such as dehydration. The de- 
hydration is not very significant with the greater amounts of OH- 
groups in samples 1-6, but it could become statistically significant 
with very small amounts of OH protons present in sample 9. 

CONCLUSIONS 

(a) The analysis of the ratio of integral intensities of the 'H spectral 
lines provides the possibility for determination of number-averaged 
molecular weight in mesogenic PDFOB samples. If proton resonances 
of the terminal groups are well resolved, NMR spectroscopy provides 
reliable results in the polymer molecular weight range below 5 - 104. 

(b) Empirical 'H chemical shift correlations can be reliably applied 
to these polymeric materials. For internal methylene resonances, the 
recent modifications6 to Shoolery's rules9 give slightly better fits be- 
tween calculated and observed parameters than do the original rules. 
Such is not the case, however, for methylene protons bonded to a 
carbon bearing a terminal OH function. 
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