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ABSTRACT: In 1H-nuclear-magnetic-resonance spectra of poly(chloroprene-methyl 
methacrylate), the signal assigned to the OCHs protons was split into five or six peaks 
by the addition of tris(dipivalomethanato)europium(III). These splittings were assinged 
tentatively to the methoxy protons of the central methyl methacrylate unit in the 
pentad sequences. The above peaks were resolved into six Lorenzian components by 
a curve resolver, and the fractions of the pentad sequences were obtained from the 
relative peak areas. Each observed concentration was in close agreement with that 
calculated by the copolymerization theory. 
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The sequence distribution of monomer units 
in some radical copolymer systems containing 
methyl methacrylate has been estimated by high­
resolution nuclear- magnetic- resonance (NMR) 
spectroscopy.1- 9 The results agree substantially 
with the sequence distribution predicted from 
the copolymerization theory. 

the observed concentrations were compared with 
those calculated by the copolymerization theory. 

In the 1H-NMR spectra of poly(chloprene­
methyl methacrylate), the signals assigned to 
OCH3 and a-CH3 protons split into two or three 
peaks when the chloroprene mole fraction in 
the copolymer was 0.46 or less. This pheno­
menon agrees with the experimental results re­
ported by Yamashita, et al. 10 

Recently, paramagnetic salts containing lan­
tanides such as europium or prasseuodium have 
been effectively used for the investigation of 
polymers,11- 13 for example, the determination of 
the molecular weight of poly(propylene glycol) 
by NMR14, and the analysis in NMR spectra 
of copolyesters (ethylene terephthalate-iso­
phthalate). 15 

In this paper, the signal of the OCH3 protons 
split by the addition of tris(dipivalomethanato) 
europium(III) to poly(chloroprene-methyl meth­
acrylate) (CP-MMA) was assigned to the pentad 
sequences with an MMA unit as a center, and 

EXPERIMENTAL 

All radical copolymerizations were carried 
out in the presence of benzoyl peroxide(BPO) 
at 60°C in monochlorobenzene, and their con­
versions were less than IO(wt%). Each con­
versions is tabulated in Table I. The samples 

Table I. Radical copolymerization of chloro-
prene and methyl methacrylate• 

Mole fraction Mole fraction b Con-
Sample in feed in copolymer version 

CP MMA CP MMA wt96 

CM-1 0.90 0.10 0.98 0.02 2.3 
CM-2 0.70 0.30 0.94 0.06 2.2 
CM-3 0.53 0.47 0.89 0.11 2.7 
CM-4 0.30 0.70 0.76 0.24 2.2 
CM-5 0.20 0.80 0.65 0.35 3.56 
CM-6 0.10 0.90 0.46 0.54 3.98 
CM-7 0.03 0.97 0.20 0.80 5.6 

• Polymerization conditions; total monomer of 
chloroprene and methyl methacrylate 20m/, ben­
zoyl peroxide 0.2 mol% based on monomers, 
60°C, 1-4 hr. 

b Determined by NMR. 
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for the measurements of the 1H-NMR were 
prepared by dissolving 20 mg of each copolymer 
with 10 mg of tris(dipivalomethanato)europium 
(III) (Eu(DPM)3) in 300 mg of CDC13 • All 1H­
NMR spectra were measured at 60°C by the 
use of a Varian HA-lOOD spectrometer; tetra­
methylsilane was used as an internal standard. 

RESULTS AND DISCUSSION 

1H-NMR spectra of CP-MMA copolymers 
are shown in Figure 1. The resonance peaks 

of methine and methylene protons of CP units 
appear at r=4.5 and 7.4-7.8 ppm, respectively. 
On the other hand, the peaks of methine, 
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Figure 1. 1H-NMR spectra of poly(chloroprene-methyl methacrylate) prepared with BPO in mono­
chlorobenzene; observed in CDCh at 60°C: (A), CP in feed, 90 mol%; (B), CP in feed, 70 mol%; 
(C), CP in feed, 53 mol%; (D), CP in feed, 20 mol%; (E), CP in feed, 10 mol%; (F), CP in feed, 
3 mo19'o· 
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methylene, and a-methyl protons of MMA units 
appear at r-=7.1-7.4, 7.8-8.7, and 8.7-9.2 
ppm, respectively. The single peak at r-=6.34 
ppm in Figure l(A-D), which was assigned to 
the OCH3 protons of MMA units, was separated 
into two peaks at r-=6.34 and 6.40 ppm in 
Figure 1(E-F). In Figure 1, the relative in­
tensity of the signal at r-=7.6 ppm increases 
with the CP content in the copolymer, which 
suggests that the signal should be ascribed to 
the CP-CP diad in the copolymer. On the 
other hand, the signal of a-CH3 protons in 
MMA units was split into three peaks with an 
increase in the MMA content of the copolymer. 
The above phenomenon agrees with the experi­
mental results reported by Yamashita, et a/. 10 

The mole fractions of CP and MMA units in 
the copolymers shown in Table I were calculated 
according to the following equation: 

CM-4 

) 

(a) 

(CP) 
(MMA) 

( 1 ) 

where (CP) and (MMA) are the mole fraction 
of CP and MMA in the copolymers, respectively, 
A0 is the peak area assigned to the methine 
proton in CP units, and AM is that of the OCH3 

protons in MMA units. 

In Figure 2, the 1H-NMR spectra of CP­
MMA copolymer (CM-4) with and without the 
addition of Eu(DPM)3 are shown. The advant­
age of using Eu(DPM)3 is that the signal shifts 
to lower field without broadening when this 
reagent is complexed with the base produced in 
ketones, ethers, and amines in the sample.16 

When the 1H-NMR spectra of CP-MMA co­
polymers complexed with Eu(DPM)3 are meas­
ured at 24°C, it is necessary to leave them 
alone for two days in order to obtain a con-
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Figure 2. 1H-NMR spectra of CP-MMA copolymer(CM-4) prepared with BPO in monochloro­
benzene; observed in CDCla at 60°C: (a), with the addition of Eu(DPM)s; (b), without the ad­
dition of Eu(DPM)a. 
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stant r value for each signal. Therefore, the 
above measurements were carried out after three 
days. The signal split by the addition of Eu 
(DPM) 3 was assigned tentatively to the OCH3 

protons of the central MMA unit in the pentad 
sequences from the following experimental results 
and ideas. 

It is thought that the CP units in the copoly­
mer which were prepared in CP-rich in-feed 
were the following four structural isomers: trans-
1,4-, cis-1,4-, 1,2-, and 3,4- configurations. From 
the chemical shift of the methine peak in CP 
unit shown in Figure 1, it is suggested that the 
CP units in copolymers were predominantly 
trans-1,4-configuration. 17 Moreover, it is postu­
lated that the trans-1,4-configuration takes three 
linkages: "head-to-head", "head-to-tail", and 
"tail-to-tail". But it was assumed that the dif­
ference of the sequences with an MMA unit as 
a center was more predominant than that of 
configurations and linkages such as the above 
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when the split peaks of the methyl protons in 
the OCH3 groups comp1exing with Eu(DPM)a 
were assigned. 

In Figure 3 are shown the 1H-NMR spectra 
of the OCH3 protons in CP-MMA copolymer, 
which was copolymerized at 25°C in the presence 
of ethylalminium sesquichloride (Et3A12C13) and 
vanadyl trichloride (VOC13); these were meas­
ured with and without the addition of Eu(DPM)3 • 

Each signal in Figure 3(B) was measured after 
22 hr with the addition of Eu(DPM)3, while 
those in Figure 3(C) were measured after three 
days with the same addition. In Figure 3(A), 
the signal of the OCH3 protons was split into 
three peaks at r=6.33, 6.38, and 6.40 ppm by 
the shielding effect of chlorine. 6 When the 
MMA unit and the CP unit are expressed by 
M and C, the above split signal is assigned to 
the OCH3 protons of the central MMA unit in 
the triad sequences. In Figures 3(B) and (C), the 
signal of the OCH3 protons was split into four 
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Figure 3. 1H-NMR spectra of the OCHa protons in CP-MMA copo1ymer(MMA/CP=4 in feed) 
prepared with EtaAl2Cla-VOCla; observed in CDCla at 60°C: (A), without the addition of Eu 
(DPM)a; (B), after 22 hr with the addition of Eu(DPM)a; (C), after three days with the addition of 
Eu(DPM)a; (a), the observed spectra; (b), Lorentzian components resolved by a curve resolver. 
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Figure 4. 1H-NMR spectra of the OCHa protons in CP-MMA copolymers(CM-5 m CM-7) split by 
the use of Eu(DPM)a: (a), six Lorenzian components; (b), synthesized spectra of each component 
in (a); (c), the observed spectra. 

or five. Figures 3(Aa) and (Ab) show the ob­
served signal of the OCH3 protons and the 
Lorenzian components resolved by a curve 
resolver, respectively. The relative areas of the 
peaks in Figures 3(B) and (C) were compared 
with those in Figure 3(A), and the assignments 
were made. 

The following results were obtained by the 
above experiment. First, the magnitude of the 
shifts in the signal of the OCH3 protons split 
by the addition of Eu(DPM)3 depends on the 
number of CP units in the sequence. Secondly, 
the signal of the OCH3 protons in CP-MMA 
copolymer splits with the addition of Eu(DPM)a 
into the peaks assigned to the sequences longer 
than triads. 

From the above assumption and experimental 
results, the assignment for the signal of the 
OCH3 protons in CP-MMA copolymer (CM-4) 
split by the addition of Eu(DPM)a was carried 
out tentatively; that is, the splittings in Figure 
2(a) were resolved into six Lorenzian peaks 
with a curve resolver and their assignments were 
postulated as follows: 

S1 =P5(CCMCC) ( 2) 
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S2 =2P5(CCMCM) 

+P5(MCMCM)+2P5(CCMMC) ( 3) 

S 3 =2P5(MCMMC) ( 4) 

S4 =2P5(MMMCC)+2P5(MMMCM) ( 5) 

S5 =P5(CMMMC)+2P5(MMMMC) ( 6) 

S6 =P5(MMMMM) ( 7) 

where Si denotes the relative concentration of 
the i-th peak in NMR spectra assigned to the 
OCH3 protons and P5 the relative concentration 
of the pentads designated in parentheses. The 
above assignment for the observed peaks of the 
OCH3 protons was applied to the other samples. 
When the concentration of Si in eq 2-7 was 
estimated, the observed peaks of the OCH3 

protons were resolved with a du Pont Curve 
Resolver as shown in Figure 4. The observed 
concentration of each sample, Si, is tabulated 
in Table II. However, 1H-NMR measurements 
using Eu(DPM)3 in CM-1 and CM-2 were not 
carried out, for the ratio of signal to noise of 
the peaks assigned to the OCH3 protons in 
these samples was much smaller than that in 
the other samples. 

On the other hand, the relative concentrations 
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Table II. Experimental and theoretical concentration of poly(chloroprene-methyl methacrylate) 

Sample Observed a Calculated b 

St Sz Ss s4 Ss Ss St Sz Ss s4 Ss Ss 

CM-1 0.016 0 0 0 0 0 
CM-2 0.050 0.012 0 0 0 0 
CM-3 0.071 0.038 0.005 0.005 0 0 0.076 0.038 0.002 0.002 0.001 0 
CM-4 0.097 0.124 0.014 0.014 0.005 0 0.084 0.123 0.018 0.013 0.011 0 
CM-5 0.051 0.163 0.047 0.062 0.033 0.007 0.063 0.171 0.042 0.049 0.033 0.004 
CM-6 0.026 0.169 0.044 0.137 0.131 0.038 0.022 0.163 0.078 0.136 0.105 0.037 
CM-7 0.005 0.027 0.040 0.201 0.201 0.337 0 0.044 0.046 0.210 0.185 0.311 

a From 1H-NMR spectra of OCHs protons in CP-MMA copolymers with the addition of Eu(DPM)3• 

b From eq 2-18, using mole fraction in feed (Table I) and rc=6.0 and YM=0.116. 

were calculated by the following equations, 
using each monomer reactivity of CP and MMA 
and each feed ratio: 18 

l 
PcM=l-Pcc=--

1+rcF 

1 

( 8 ) 

( 9) 

(10) 

where PcM. for example, is the probability of a 
CP unit being followed by an MMA unit. 
P 1(C) and P 1(M) are mole fractions of CP and 
MMA in the copolymer, respectively. F is the 
ratio of MMA/CP in feed, and rc is the mono­
mer reactivity ratio of CP and rM that of MMA. 
The monomer reactivity ratios calculated from 
the Fineman-Ross method were as follows: 
r0 =6.3, rM=O.ll6. The theoretical pentads with 
an MMA unit as a center are expressed as 
follows: 

(ll) 

(12) 

(13) 

P5(CCMCC) = 

(17) 

(18) 

The pentad concentrations calculated from eq 
8-18 using r0 =6.0, rM=O.ll6, and each F, 
were summed into s, in eq 2-7 for comparison 
with the observed Si; their values are tabulated 
in Table II. 

CONCLUSION 

When Eu(DPM) 3 was added to CP-MMA 
copolymers, the signal of the OCH3 protons in 
MMA units shifted to lower field and split 
into six. These six peaks were assigned to 
pentad sequences with an MMA unit as a center. 
In the case of these assignments, it was presumed 
that the magnitude of the shift depended on 
the number of CP units in the sequence. Each 
observed concentration was in close agreement 
with that calculated by the copolymerization 
theory. 
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