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SYNTHESIS AND CHARACTERIZATION OF COMB-LIKE ALKYL 
FUMARATE – OCTADECEN-1 COPOLYMERS

Abstract. Handling oils and petroleum products with high content of paraffins and 
asphaltenes might cause problems especially when ambient temperature is lower than 
the pour point. Polymers with comb-like structures such as polyalkyl fumarates with 
long chain pending groups are considered to have pour point depressing properties. 
However, alkyl fumarates with long straight side groups are difficult to homopolymerize. 
Therefore, alkyl fumarates are usually undergo through copolymerization with other 
comonomers. The literature review revealed that the studies on the synthesis of the 
fumarate copolymers are limited. The current study focused on synthesis of alkyl 
fumarate copolymers with octadecen-1 through solution polymerization. Alkyl fumarates 
were obtained through esterification reaction between fumaric acid and fatty saturated 
alcohols. The structures of the synthesized alkyl fumarates and copolymers were 
confirmed using Fourier-transform infrared (FTIR) and Nuclear magnetic resonance 
(NMR) spectroscopy methods. The intrinsic viscosity of the copolymers was measured 
using capillary viscometer and the Huggins’ method. The melting points of the products 
was also determined. The characterization of the synthesized alkyl fumarates and their 
copolymers with the α-olefin confirmed their expected structures and properties. The 
study helps to find optimal parameters to synthesize copolymers that have comb-like 
structure with long side groups and might be used as pour point depressants for heavy 
oils. 

Key words: comb-like polymers, alkyl fumarate copolymers, solution polymerization, 
pour point depressants, wax inhibitors, intrinsic viscosity.
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АЛКИЛ ФУМАРАТТАР МЕН ОКТАДЕЦЕН-1-НІҢ СОПОЛИМЕРЛЕРІН 
СИНТЕЗДЕУ ЖӘНЕ ЗЕРТТЕУ

Аннотация. Құрамында парафиндері мен асфальтендері көп мұнай және мұнай 
өнімдерін тасымалдау кезінде мәселелер туындауы мүмкін, әсіресе қоршаған 
ортаның төмен температурасында бұл жағдайлар жиілеп кетеді. Осындай 
мәселеледі шешудің бір жолы – құю   нүктесін төмендететін депрессорлық қоспа 
қолдану. Ұзын бүйірлік тізбектері бар полиалкил фумараттарға ұқсас тарақ тәрізді 
полимерлер депрессорлар ретінде қолдану мүмкіндігіне ие. Бірақ түзу ұзын 
бүйірлік тармақтары бар алкил фумараттардың гомополимеризация реакциясына 
түсуі қиынға соғады. Сондықтан көбінесе мұндай алкил фумараттарды басқа 
мономерлермен сополимерленуге ұшыратқызады. Әдебиеттерді шолу алкил 
фумаратты сополимерлердің синтезі саласындағы шектеулі зерттеулердің 
бар екенін көрсетті. Бұл мақала алкил фумаратты октадецен-1-мен ерітінді 
күйінде сополимерлеу реакциясына және алынатын өнімдердің қасиеттерін 
зерттеуге бағытталған. Алкил фумараттар фумар қышқылының майлы қаныққан 
біріншілік спирттермен этерификация реакциясы арқылы алынды. Синтезделген 
алкил фумараттар мен олардың сополимерлерінің құрылымдары инфрақызыл 
(ИҚ) Фурье спектроскопиясы және ядролық магниттік-резонанстық (ЯМР) 
спектроскопиясы арқылы расталды. Сополимерлердің меншікті тұтқырлығы 
капиллярлық вискозиметрмен өлшеніп, Хаггинс әдісімен график тұрғызу 
арқылы анықталды. Сонымен қатар, алынған өнімдердің балқу температуралары 
анықталды. Синтезделген алкил фумараттар мен олардың α-олефинмен 
сополимерлерін зерттеу күтілген құрылымдар мен қасиеттерді растады. Алынған 
сополимерлердің балқу температурасы мен меншікті тұтқырлығы арасындағы 
корреляция анықталды. Бұл жұмыс ауыр майлар мен жоғары құю температурасы 
бар мұнай өнімдері үшін депрессорлық қоспа ретінде пайдалануға болатын 
ұзын бүйірлік тізбектері бар тарақты сополимерлердің синтезінің оңтайлы 
параметрлерін анықтауға көмектеседі.

Түйін сөздер: тарақ тәрізді полимерлер, алкил фумараттың сополимерлері, 
ертіндідегі полимеризация, депрессорлық қоспа, парафиндер ингибиторлары, 
меншікті тұтқырлық.
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СИНТЕЗ И ИССЛЕДОВАНИЕ ГРЕБНЕОБРАЗНЫХ СОПОЛИМЕРОВ 
АЛКИЛ ФУМАРАТОВ С ОКТАДЕЦЕНОМ-1

Аннотация. Одна из частых проблем, возникающих при транспортировке 
нефти и нефтепродуктов при низких температурах окружающей среды, 
обусловлена выпадением кристаллов парафиновых углеводородов, которые, 
слипаясь в крупные частицы, создают пространственную структурную сетку в 
топливе. Применение депрессорных присадок позволяет снизить температуру 
застывания нефти. Полимеры с гребнеобразной структурой, как в случае с 
полиалкил фумаратами с длинными боковыми звеньями, имеют потенциал для 
применения их в качестве депрессорных присадок. Однако алкил фумараты с 
прямыми длинными ответвлениями сложно подвергаются гомополимеризации. 
Поэтому чаще всего такие алкил фумараты подвергают сополимеризации с 
другими мономерами. Литературный обзор показал ограниченные исследования в 
области синтеза сополимеров алкил фумаратов. Данное исследование направлено 
на синтез алкил фумаратов с октадецен-1-ом способом полимеризации в растворе. 
Алкил фумараты были получены реакцией этерификации фумаровой кислоты с 
жирными насыщенными первичными спиртами. Структуры синтезированных 
алкил фумаратов и их сополимеров были подтверждены с помощью инфра красной 
(ИК) Фурье спектроскопии и спектроскопией ядерно-магнитного резонанса 
(ЯМР). Характеристическая вязкость сополимеров была измерена капиллярным 
вискозиметром и определена методом Хаггинса. Кроме того, были измерены 
температуры плавления полученных продуктов. Исследование синтезированных 
алкил фумаратов и их сополимеров с α-олефином подтвердили ожидаемые 
структуры и свойства. Выявлена корреляция между температурами плавления 
и характеристическими вязкостями полученных сополимеров. Данная работа 
поможет при определении оптимальных параметров для синтеза сополимеров 
с гребнеобразной структурой с длинными боковыми звеньями, которые могут 
быть применены в качестве депрессорных присадок для тяжелых нефтей и 
нефтепродуктов с высокими температурами застывания.

Ключевые слова: гребнеобразные полимеры, сополимеры алкил фумарата, 
полимеризация в растворе, депрессорные присадки, ингибиторы парафиновых 
отложений, характеристическая вязкость.

Introduction. Due to depletion of light crude oils worldwide nowadays there is a 
tendency to produce and refine heavy oils with high content of paraffins and asphaltenes. 
During production, transportation, and storage of heavy oils, problems arise because 
of high viscosity and solid wax deposits that appear when operational temperature is 
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below the pour point. Wax deposits usually consist of paraffins, asphaltenes and resins. 
They might lead to flow pressure drop and full or partial blockage of pipelines. The 
problem worsens especially during temporary shut downs when temperature and 
paraffins solubility decreases and gel forms. One of the methods to prevent wax deposits 
is to apply special chemical agents that decrease fluid viscosity and modify crystal 
growth. These chemicals are called pour point depressants (PPDs), flow improvers or 
wax inhibitors. They insert themselves inside crystal structures and change the growth 
dynamics, shapes, and surface properties. These agents modify crystal growth patterns 
by cocrystallization resulting in lowering pour point temperature and viscosity. Upon 
addition of the wax crystal modifiers to oil the crystals growth stops earlier and their 
surface shape becomes intrinsic. This shape in turn hinders intergrowth and interlock 
of crystals.  However, there is no general universal form of a crystal modifier since its 
composition is specific to a crude oil type. Cocrystallization that helps widen operational 
temperature range occurs between normal alkanes in oil and long straight alkyl side 
chains of polymers used as flow improver (El-Dalatony et al., 2019:968).

In general, two types of copolymers have found application as chemical agents 
that improve flowability of crude oil. They are polymers with crystalline/amorphous 
diblock structure and comb-type polymers that are usually synthesised from esterified 
dicarboxylic unsaturated acids with another co-monomer. The latter type has significant 
advantage since they include both polar (carboxylic group) and non-polar parts (long 
alkyl groups). This would help to affect both compounds that contributes low flowing 
ability: paraffins being non-polar and asphaltenes that are considered polar (Jang et 
al., 2007:13174). Polymers with comb structure have long pending hydrocarbyl groups 
attached to the main chain. Thus, comb-like polymers have two types of structural units: 
the backbone and long side chains. They have intermediate positions between linear and 
branched structures. The comb-like polymers’ physical and chemical properties differ 
from linear and branched structures (Plate et al., 1974:117).

Fumarates with long alkyl groups could be considered as an appropriate starting 
compound for synthesis of PPDs. Presence of double bond in dialkyl fumarates (DRFs) 
should give an ability to polymerize via radical polymerization mechanism where a 
double bond reform as a single bond. However, as literature review revealed DRFs 
with long alkyl groups do not homopolymerize very well. DRFs are considered to be 
1,2-disubstituted ethylenes, and in the past it has been generally accepted that their 
homopolymerization tends to proceeds with difficulties due to steric hindrance of the 
substituents (Otsu et al., 1981:726). Further investigations revealed that DRFs do not 
homopolymerise in the absence of radical initiator even under high temperature. DRFs 
with alkyl groups of normal linear structure have low polymerisation reactivity and 
number of carbons does not affect it (Otsu et al., 1988:549). Effect of different alkyl 
groups on propagation and termination rate constants was studied. The results of the 
experiments correlated with the previous studies: the bulky di-tert-butyl substituents 
promote propagation reaction and suppress termination reaction (Matsumoto et al., 
1996:296). Fortunately, fumarate is successfully copolymerize with electron-rich 
monomers like vinyl acetate (Borthakur et al., 1995:77), (Peng et al., 2002:66).  Other 
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studies focused on determining dependence between molecular weight of behenyl 
fumarate-vinyl acetate copolymer on pour point depressing performance (Borthakur 
et al., 1996:846). Copolymerizations of behenyl acrylate and behenyl fumarate in the 
presence of benzoyl peroxide in toluene (Sarmah et al., 2003:2722), vinyl acetate and 
behenyl fumarate by a bulk technique (Baruah et al., 2011:228) were reported. Prior 
studies in the area of fumarate copolymers were limited by number of comonomers and 
have not established dependence of their performance on the structure. 

The objective of the research is to synthesize new type of copolymers of alkyl 
fumarates with the α-olefin through solution polymerization technique and to characterize 
the products that have potential to be used as pour point depressant for heavy oils. 

Application of chemical agents as a method of mitigation the problem of solid wax 
deposits during heavy oils transportation is efficient as long as the appropriate structure 
of comb-like polymer is used. Thorough study of its synthesis and effect of reaction 
parameters on the product properties facilitates the process of selection of the most 
efficient pour point depressant.

Materials and Methods. The methods for synthesis of alkyl fumarates and their 
copolymers, and carried analysis are given below. 

Esterification: Dihexadecyl fumarate (DHDF), Dioctadecyl fumarate (DODF), 
and dibehenyl fumarate (DBF) were synthesized through esterification reaction. The 
reaction took place between fumaric acid and primary fatty alcohols in the presence 
of p-toluenesulfonic acid at 120°C for 8 hours. The catalyst was applied in an amount 
of 1% of the reactants by weight.  The molar ratio of fumaric acid and an alcohol was 
1:2. The reagents were dissolved in toluene in a stream of dry nitrogen. Dean–Stark 
apparatus was connected to the reaction vessel to remove water that formed during 
esterification. The reaction took place until the calculated amount of water was released. 
The reaction solution was filtered in a hot state. Toluene was removed by vacuum 
distillation. The product was rinsed with ethyl alcohol and dried in vacuum at 40°C up 
to constant weight.

Copolymerization: The synthesized fumarates were copolymerized with octadecen-1 
(ODC). The molar ratio of fumarate and ODC was 1:1. As an initiator of radical 
polymerization benzoyl peroxide was used in an amount of 2% of the reactants by 
weight. The monomers were dissolved in toluene. The concentration of the solution 
was 40% by weight. Copolymerization reactions were carried at 75-85°C and with a 
constant flow of nitrogen. The duration of the copolymerization was 15 hours. The 
copolymers were purified by the same way as the esterification products.

Instrumental methods: Melting points of the obtained alkyl fumarates were measured 
using OptiMelt - Automated Melting Point System (Stanford Research Systems, USA). 
The measurements were made with open capillaries.

Structural features and functional groups of the products were characterized by FTIR 
spectroscopy (Nicolet 5700) within a range of 4000-400 cm-1. The samples were prepared 
by dissolving copolymers in xylene at a concentration of 20% by weight. In addition, 1Н 
and 13С NMR spectra were obtained using a JNM-ECA Jeol 400 spectrometer operating 
at 399.78 and 100.53 МHz, respectively. The samples for the NMR analysis were 
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dissolved in CDCl3 and their chemical shifts δ were measured relative to the residual 
protons or carbon atoms in CDCl3. 

Intrinsic viscosity [η] of the synthesized copolymers were measured at 25°C with 
an Ubbelohde type viscometer and by the Huggins’ plot method (Huggins, 1942:2718). 
Different concentrations of copolymers solutions in tetrahydrofuran were prepared 
(0.25; 0.50; 0.75; 1.0 % by weight). Relative viscosity is determined using flow times of 
pure solvent and the solutions. Specific and reduced viscosities are calculated after that. 
The plot was built indicating a relation between reduced viscosity and concentration of 
the solution. Intrinsic viscosity was determined by extrapolation of the curve to zero 
concentration.

Result and discussion. Characterization of the obtained products and data from the 
measurements are given and discussed below. 

Characterization: The Fig 1 show FTIR spectra of DODF and DODF-ODC 
respectively.
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vibrations and at 1681-1678 cm-1 of the isolated double bond C=C stretching vibrations. Weak intensity peaks 
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since fumaric acid is a trans-isomer of butenedioic acid. Absorption bands characteristic for C-H antisymmetric 
(νas) and symmetric (νs) stretching vibrations at 2911 cm-1 and 2852 cm-1 are present in the spectra of the 
fumarates. The peaks at 1473 cm-1 corresponds to bending vibrations of C-H belonging to aliphatic groups. 
Characteristic vibrations at 1750-1700 cm-1 belongs to symmetric (νs) stretching vibrations of C=O in esters 
which is confirmed by presence of peaks at 1707 cm-1. Absorption bands at 1315 cm-1 corresponds to vibrations 
of O=C–O. 

Compared to the FTIR spectra of alkyl fumarate monomers, the FTIR spectra of the synthesized 
copolymers (Fig 1 b) do not contain stretching vibrations peaks of C=C-H and C=C double bonds at 3080 cm-
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electron rich α-olefin comonomer has replenished electron deficiency of the alkyl fumarate. After 
copolymerization density of an electron cloud of former double carbon-carbon bond increased. As a result, 
inductive effect of C=O has lost its strength. The FTIR spectra of both alkyl fumarates and the copolymers has 
absorption bands at 722-718 cm-1 which corresponds to absorption region specific to fragments (-CH2)n, at 
n≥4. The resulting FTIR spectra reveals that all specific functional groups are present in a structure of alkyl 
fumarates and their copolymers. Absence of double bonds in the synthesized copolymers indicates that 
copolymerization reactions were conducted successfully. 

Figs 2 and 3 represent 1H and 13C NMR spectra of DODF respectively. 
 

40
6.

2
43

5.
3

47
5.

5
51

1.
4

56
6.

7

64
7.

3
67

6.
0

71
8.

9
74

6.
0

77
4.

9

92
4.

4

10
09

.9
10

54
.7

11
71

.7
12

40
.6

12
77

.5
13

15
.7

13
94

.1

14
73

.0
15

04
.1

16
78

.0
16

81
.6

17
07

.9
17

36
.1

19
03

.7

21
35

.6

26
41

.8

28
52

.3
29

11
.4

29
23

.7

30
80

.6

34
21

.4

**Mon Ju l 12 13:48:26 2021 ДОДФ

 0.0

 0.5

 1.0

 1.5

 2.0

 2.5

 3.0

 3.5

 4.0

 4.5

 5.0

 5.5

 6.0

A
bs

or
ba

nc
e

 500    1000   1500   2000   2500   3000   3500   4000  
Wavenumbers  (cm-1)

40
2.

8

72
2.

0

90
7.

6

99
5.

6

11
64

.9

12
56

.014
65

.4

17
33

.8

28
20

.8
28

51
.8

29
20

.1**Mon Ju l 12 13:57:01 2021 ДОДФ+ОДЦ

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1.0

 1.1

 1.2

 1.3

 1.4

 1.5

A
bs

or
ba

nc
e

 500    1000   1500   2000   2500   3000   3500   4000  
Wavenumbers  (cm-1)

Figure 1. FTIR spectra of DODF (a) and DODF-ODC (b)

FTIR-spectra of obtained alkyl fumarates (Fig 1 a) have peaks at 3080 cm-1 of the 
C=C-H stretching vibrations and at 1681-1678 cm-1 of the isolated double bond C=C 
stretching vibrations. Weak intensity peaks at 1681-1678 cm-1 are specific to trans-
disubstituted alkenes that corresponds to the structure of fumaric esters since fumaric 
acid is a trans-isomer of butenedioic acid. Absorption bands characteristic for C-H 
antisymmetric (νas) and symmetric (νs) stretching vibrations at 2911 cm-1 and 2852 
cm-1 are present in the spectra of the fumarates. The peaks at 1473 cm-1 corresponds 
to bending vibrations of C-H belonging to aliphatic groups. Characteristic vibrations 
at 1750-1700 cm-1 belongs to symmetric (νs) stretching vibrations of C=O in esters 
which is confirmed by presence of peaks at 1707 cm-1. Absorption bands at 1315 cm-1 
corresponds to vibrations of O=C–O.

Compared to the FTIR spectra of alkyl fumarate monomers, the FTIR spectra of the 
synthesized copolymers (Fig 1 b) do not contain stretching vibrations peaks of C=C-H 
and C=C double bonds at 3080 cm-1 and 1681-1678 cm-1 respectively. Meanwhile, 
stretching vibrations of C=O at 1707 cm-1 of fumarate monomer spectra shifted to the 
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wavelength of 1733 cm-1 at copolymers spectra. The reason of the shift is that electron 
rich α-olefin comonomer has replenished electron deficiency of the alkyl fumarate. After 
copolymerization density of an electron cloud of former double carbon-carbon bond 
increased. As a result, inductive effect of C=O has lost its strength. The FTIR spectra of 
both alkyl fumarates and the copolymers has absorption bands at 722-718 cm-1 which 
corresponds to absorption region specific to fragments (-CH2)n, at n≥4. The resulting 
FTIR spectra reveals that all specific functional groups are present in a structure of 
alkyl fumarates and their copolymers. Absence of double bonds in the synthesized 
copolymers indicates that copolymerization reactions were conducted successfully.

Figs 2 and 3 represent 1H and 13C NMR spectra of DODF respectively.

5 
 

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shif t (ppm)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

In
te

ns
ity

225.09 22.7415.3414.156.86

23,22

44,44,44,21,21,21

4,4,27,27
5,5,28,28

0.
85

1.
23

1.
654.

16

6.
82

No. (ppm) (Hz) Height
1 0.85 340.3 0.1387
2 1.23 491.3 1.0000
3 1.65 659.2 0.0570
4 4.16 1664.7 0.0920
5 6.82 2728.3 0.0929

No. Annotation  (ppm)
1 44,44,44,21,21,21 [0.81 .. 0.90]
2 5,5,28,28 [1.58 .. 1.70]
3 4,4,27,27 [4.11 .. 4.22]
4 23,22 [6.79 .. 6.85]

No.  (ppm) Value Absolute Value
1 [6.79 .. 6.85] 6.858 6.94810e+0
2 [4.10 .. 4.21] 14.154 1.43404e+1
3 [1.53 .. 1.72] 15.339 1.55405e+1
4 [0.77 .. 0.94] 22.735 2.30339e+1
5 [1.05 .. 1.48] 225.091 2.28049e+2

2

22 23

H
23a

H
22a

24

O
1

O
3

O
26

O
25

45

67

89

1011

27 28

29 30

31 32

33 34

35 36

37 38

39 40

41 42

43 CH344

1213

1415

1617

1819

20CH3 21

 
Figure 2. 1H NMR spectrum of DODF 

 
In the 1H NMR spectrum of DODF (Fig 2) terminal methyl protons Н-21, 21, 21, 44, 44, 44 are observed 

by multiplet signal at 0.84-0.87 ppm with integrated intensity of 6H. Unsaturated ethylene protons appeared 
as double proton Н-22, 23 singlet at 6.82 ppm. Protons next to carboxylate groups were registered as four 
protons Н-4, 4, 27, 27 multiplet at 4.15-4.18 ppm. Methylene protons Н-5, 5, 28, 28 of dioctadecyl fragments 
resonated as four protons multiplet at 1.63-1.66 ppm. Other methylene protons of aliphatic parts were observed 
as intensive singlet at 1.23 ppm with integrated intensity of 60 H. 
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Figure 3. 13C NMR spectrum of DODF 

 
In the 13C NMR spectrum of DODF (Fig 3) carbon atoms С-21, 44 of terminal methyl groups are observed 

at 14.21 ppm. Methylene carbon atoms of dodecyl fragment resonate at 65.57 (С-4, 27); 32.03 (С-19, 42); 
28.50 (С-5, 28); 25.96 (С-6, 29); 23.79 (С-20, 43) ppm. Other methylene groups resonate at 29.47 and 29.80 
ppm. Unsaturated carbon atoms С-22 and С-23 appeared at 133.69 ppm. Carbon atoms С-2, 24 of carboxyl 
groups resonated at 165.15 ppm. 

Fig 4 shows 1H NMR spectrum of DODF-ODC. 
 

Figure 2. 1H NMR spectrum of DODF

In the 1H NMR spectrum of DODF (Fig 2) terminal methyl protons Н-21, 21, 21, 
44, 44, 44 are observed by multiplet signal at 0.84-0.87 ppm with integrated intensity 
of 6H. Unsaturated ethylene protons appeared as double proton Н-22, 23 singlet at 6.82 
ppm. Protons next to carboxylate groups were registered as four protons Н-4, 4, 27, 27 
multiplet at 4.15-4.18 ppm. Methylene protons Н-5, 5, 28, 28 of dioctadecyl fragments 
resonated as four protons multiplet at 1.63-1.66 ppm. Other methylene protons of 
aliphatic parts were observed as intensive singlet at 1.23 ppm with integrated intensity 
of 60 H. 
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Figure 2. 1H NMR spectrum of DODF 
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resonated as four protons multiplet at 1.63-1.66 ppm. Other methylene protons of aliphatic parts were observed 
as intensive singlet at 1.23 ppm with integrated intensity of 60 H. 
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In the 13C NMR spectrum of DODF (Fig 3) carbon atoms С-21, 44 of terminal methyl groups are observed 

at 14.21 ppm. Methylene carbon atoms of dodecyl fragment resonate at 65.57 (С-4, 27); 32.03 (С-19, 42); 
28.50 (С-5, 28); 25.96 (С-6, 29); 23.79 (С-20, 43) ppm. Other methylene groups resonate at 29.47 and 29.80 
ppm. Unsaturated carbon atoms С-22 and С-23 appeared at 133.69 ppm. Carbon atoms С-2, 24 of carboxyl 
groups resonated at 165.15 ppm. 

Fig 4 shows 1H NMR spectrum of DODF-ODC. 
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In the 13C NMR spectrum of DODF (Fig 3) carbon atoms С-21, 44 of terminal 
methyl groups are observed at 14.21 ppm. Methylene carbon atoms of dodecyl fragment 
resonate at 65.57 (С-4, 27); 32.03 (С-19, 42); 28.50 (С-5, 28); 25.96 (С-6, 29); 23.79 
(С-20, 43) ppm. Other methylene groups resonate at 29.47 and 29.80 ppm. Unsaturated 
carbon atoms С-22 and С-23 appeared at 133.69 ppm. Carbon atoms С-2, 24 of carboxyl 
groups resonated at 165.15 ppm.

Fig 4 shows 1H NMR spectrum of DODF-ODC.
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In the 1H NMR spectrum of DODF-ODC copolymer (Fig 4) new bands have appeared that were not 
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are responsible for the presence of some methylene protons adjacent to long methylene chains. Also, the singlet 
with broad absorption band has appeared at 4.01 ppm that reveals proton next to carboxylate group. This proves 
that the double bond of the fumarate monomer opened up during copolymerization. Another newly appeared 
group of bands at the region of 4.88-4.98 and 5.77-5.79 ppm corresponds to terminal protons of the former 
double bond of octadecen-1. All the obtained spectra indicate that the synthesized alkyl fumarates and the 
copolymers have the appropriate structures. 

The data related to other alkyl fumarates (DHDF and DBF) and copolymers (DHDF-ODC, DBF-ODC) 
are given in Table 1. 
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Figure 5. 13С NMR spectrum of DODF-ODC

In the 1H NMR spectrum of DODF-ODC copolymer (Fig 4) new bands have appeared 
that were not observed in the 1H NMR spectrum of the alkyl fumarates. For instance, the 
bands at a region of 1.58-2.02 ppm are responsible for the presence of some methylene 
protons adjacent to long methylene chains. Also, the singlet with broad absorption band 
has appeared at 4.01 ppm that reveals proton next to carboxylate group. This proves 
that the double bond of the fumarate monomer opened up during copolymerization. 
Another newly appeared group of bands at the region of 4.88-4.98 and 5.77-5.79 ppm 
corresponds to terminal protons of the former double bond of octadecen-1. All the 
obtained spectra indicate that the synthesized alkyl fumarates and the copolymers have 
the appropriate structures.

The data related to other alkyl fumarates (DHDF and DBF) and copolymers (DHDF-
ODC, DBF-ODC) are given in Table 1.
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Table 1. Data of spectroscopic analysis of alkyl fumarates and their copolymers
FTIR spectroscopy 1H NMR spectroscopy

Dialkyl fumarate/
copolymer name

Wavenumber (cm-1) of the absorption 
bands

Chemical shifts δ (ppm) of the absorption 
signals

DHDF 3080, 1679, 2926, 2904, 2853, 1472, 
1393, 1711, 1314, 1167, 720

6.82, 4.15–4.18, 1.65, 1.23, 0.85

DBF 3079, 1681, 2924, 2906, 2850, 1472, 
1395, 1709, 1316, 1169, 718

6.82, 4.15-4.17, 1.65, 1.23, 0.85

DHDF-ODC 2919, 2850, 1729, 1467, 1238, 1169, 
923, 717 

6.82, 5.79, 4.89–4.99, 4.15–4.19, 
4.01, 2.01, 1.64–1.69, 1.58, 1.24, 0.88

DBF-ODC 2920, 2851, 2820, 1733, 1465, 1256, 
1164, 995, 907, 722

6.82, 5.79, 4.89-4.98, 4.16, 4.00, 
2.02-2.00, 1.57, 1.23, 0.85-0.84.

The synthesized fumarates and copolymers characteristics. The melting point and 
yield values for alkyl fumarates are given in Table 2.

Table 2. Synthesized alkyl fumarates and their measured melting points.
Alkyl fumarate Melting point, °C Yield, % wt.
Dihexadecyl fumarate (DHDF) 61,7-63,6 93
Dioctadecyl fumarate (DODF) 70.1-71.2 89
Dibehenyl fumarate (DBF) 76.8-80.8 83

The tendency of melting point to increase as molecular weight of the pending alkyl 
group increases is apparent. This corresponds to a general concept that melting points of 
linear homologous compounds rises as number of methylene groups are added. It could 
be explained by intermolecular forces that strengthens as more atoms are included in the 
structure (Chickos, 2001: 562).

The results of determined intrinsic viscosity [η] and measured melting point values 
of the copolymers are given in Table 3.

Table 3. Synthesized alkyl fumarate copolymers and their measured intrinsic viscosities
Copolymer Intrinsic viscosity [η], dL/g Melting point, °C Yield, % wt.

DHDF-ODC 0.0277 56.3-59.3 66
DODF-ODC 0.0203 45.8-47.4 87
DBF-ODC 0.0308 57.9-59.5 84

All the curves of built Huggins’ plot showed adequate linearity within a given 
concentration range. No abnormalities were observed, all curves have upward 
directions, indicating usual relationship between reduced viscosity and concentration of 
the polymers in solutions.

One of the aims of the study is to define parameters for the synthesis of high 
molecular weight alkyl fumarate copolymers. Intrinsic viscosity of a polymer in the 
solvent is one of the two ways along with molten viscosity to measure an average degree 
of polymerization. According to Mark-Houwink-Sakurada equation, intrinsic viscosity 
is directly proportional to molecular weight of a polymer. Moreover, viscosity is 
influenced by molecular weight distribution of a polymer. There is a direct relationship 
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between intrinsic viscosity and a chain length (Sanches et al., 2005:690). It could be 
concluded that the higher intrinsic viscosity of a polymer, the higher molecular weight 
it has.

The results from Table 3 indicates that there is no apparent correlation between 
molecular weight of the alkyl group of fumarates and intrinsic viscosity of the respective 
copolymer. However, there is a correlation between melting point and intrinsic viscosity 
of the copolymers. It is well justifiable since intrinsic viscosity is directly proportional 
to a molecular weight of a polymer that affects important physical parameters such as 
transition temperatures and mechanical properties. In addition, a size of side groups 
pending from the main chain affects melting point of a polymer due to change in 
flexibility of the chain (Bunn, 1955:330).

Conclusion. The three copolymers of alkyl fumarates with octadecen-1 were 
synthesized by solution polymerization technique. The structures and specific functional 
groups were confirmed by FTIR and NMR spectroscopy methods. The results of the 
melting points and intrinsic viscosities measurements showed appropriate correlations. 
The study could be used to find optimal parameters for efficient copolymerization of 
alkyl fumarate copolymers. Generally, more study should be conducted to find optimal 
conditions for synthesis of alkyl fumarate copolymers since their comb-like structures 
make them appealing for application as pour point depressants.
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