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The application of t he mass spectrometer to the s tudy of the therm al decomposition of 

polymers is described . The relationships between the structure of polymers and yield of 

monomers on decomposition are discussed . A quantitative treatment relating the com­

position s of certain coploymers and the yields of monomers is given. Data are presented 

showin g t he composition of the volatile hydrocarbons produced by the thermal decomposition 

of several vin yl a nd die ne polymers. 

I. Introduction 

The use of pyrolysis as a tool for investigating 
the cons titution of high polymer has been limited 
by the difficulty involved in the analysis of the de­
composition products. One of the best known ex­
amples of its use is the study of natural rubber by 
Midgley and H enne [1] .2 These investigators sub­
jected 200 Ib of natural crepe rubber to distillation 
in iron ves cIs in 16-lb batches at atmospheric 
pressure and 700 0 C. Analysis of the products 
disclosed 10 percent of isoprene and 20 percent of 
dipentene. The theoretical a pects of certain 
types of polymer pyrolysis have been discussed by 
Rice and Rice [2]. 

The recent development of the mass spec­
trometer as an analytical instrument [3] for hydro­
carbon mixtures opened new possibilities for the 
utilization of pyrolysis as a means for the study of 
complex molecular structures by the analysi of 
their characteristic products of decomposition. 
The technique used in the present investigation 
consisted in pyrolyzing the polymers under con­
ditions similar to a single-stage molecular distilla­
tion. This procedure was adopted to facilitate the 
removal of primary products before secondary de­
composition became appreciable. The fact that a 
very small sample, 0.001 g, is required increased 
the utility of the method; it would perhaps be 
advantageous in the investigation of biological 
materials. 

1 Supported in part by fu nds from Reconstruction Finance Corp., Offioc 
or R u b ber Research. 

2 Figures in brackets indicate the literature references at the end of this 
paper 
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II. Experimental Procedure 

The pyrolysis tube or single-stage molecular 
still (fig. 1) resembles a test tube with a small 
side arm. The section of 3-mm tube sealed on the 
top of the tUbe fits into a break-off device on the 
spectrometer. 

The samples were inserted either as small lumps 
or as olutions. The preferred method of in erting 
the sample was to pipette into the ide arm 2 
ml of a solution of the polymer in a volatile solvent 
at a concentration of about 0.0005 g/ml. Upon 
evaporation of solvent, the tube was sealed to 
a high vacuum system. After evacuation to a 
pressure of 10- 5 mm of mercury, the still was 
sealed off. The volume of each still was 45 ml. 

-----ur----d--. HIGH VACUUM 
MANIFOLD 

1,----- BREAK-OFF TIP 

3MM TUBING ------ll 

FURNACE 4000C-__ , 

_----PYROLySIS TUBE 

LIQUID AIR-----nl 

FIG URE 1. Diagram of pyrolysis apparatus. 
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Pymlysis .. .was .induced . by heating. electrically 
the side arm con taining the polymer, and the body 
of the tuhe was immersed in liquid air to condense 
the products of decomposition. The time of 
heating was 20 minutes. A temperature of 
400 0 C was used because it produced complete 
decomposi tion of most polymers, whereas lower 
temperatures did not. 

After pyrolysis the tube was inserted in the mass 
spectrometer, the end of the small tubing was 
broken , and the volatile products were expanded 
directly into the :nlet system (fig . 2) . The total 

BREAK-OFF POINT 

BOTTLES 

LEAK DEVICE 

TO IONIZATION CHAMBEJ 

FIG U R E 2. Simplified diagram of mass spectrometer inlet 
system. 

volume of the inlet system and the sample tube is 
known. Also, the partial pressure of each compo­
nen t can be determined by means of the known 
pattern sensitivities. The sensitivity for a com­
pound is the height of a characteristic peak pro­
duced when I-micron pressure of the pure sub­
stance is in the inlet system . The gas law is then 
used to compute the weight of the component 
produced, from which the percentage yield can 
be compu ted . 

III. Results of Tests 

Tables 1 and 2 show the various volatile hydro­
carbons obtained in the pyrolysis experim en ts. 

. As only products that have about 1 mm or more 
vapor pressure at room temperature could enter 
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the Consolidated mass spectrometer, these results 
are given in terms of mole percent of "volatiles" . 
The computed values, particularly where a large 
number of components occurred, are necessarily 
approximate. However, the uncertainty in the 
last significant figure is probably no more than 
2 or 3. 

T ABLB 1. Volatile prodllcts obtained in the pyrolysis of 
vinyl polymers 

Vinyl poly mer Volatile pyrol ysis products" 

{
Approximately 30 compounds con-

Polyetheneb _____________ sisting of n-alkenes, n -alkanes, n-
dienes, and cyclics. 

Isobutene . _____________________ . _____ _ 
N eopentanc __ ________ __ ______________ _ 

Diisobutene . .. ___ ... _. ___ . ___ . _. __ .. __ 
E tbane .. _______ . ______ _ . ___ . _____ . ___ _ 

Poly isobutene ______ .. __ _ C,H " . - -- ----------- --- ---- -- ---------C,H ". ___ . _______ _ . ______ . _____ . _____ _ 
CB . ... _____ . _______ . _._ . _____ . _______ _ 
C,H ,, __ . __________ . __________ . _. _____ _ 
C,H , .. _____ . _. _______________ . _. _____ . 
C,. B ....... ___ -- __ -.. -- ___ . _____ . ____ --

Styrene __ . __ . ___ _ . _. ____ _____________ _ 
E tbene .. _____ . __________ . . _____ . _____ . 

Polystyrene. _. _________ . E tb ylbenzene. - ------ -- ---- --. -. ---. --
Toluene ______________ . ___ . _____ . _____ _ 
Benzene. _________ _____ . ______________ _ 

Mole 
percen t 

78 
10 
4 

1 
0.5 
.5 
.4 
.4 
. 1 

94 
3 

Isopropylbenzene . __ ___ __ _________ ____ 0.5 

" T he volatile products represent 66 percent of the polyisobutylene and 34 
percent of the polystyrene. 

bIn polyethene, it proved impossible to compute an analysis since the 
products were so varied; howe,re r, the ethylene produced was certainly less 
than 1 percent. 

The results vary considerably with the size of 
sample used. With 0.01 g the yield of isoprene 
from natural crepe was 18 percent, whereas with 
0.001 g it was 2 percent. Apparently the O.OI-g 
sample produced in the initial phase of the pyrol­
ysis enough permanent gas to decrease the 
efficiency of the molecular distillation, thereby 
impeding the removal of the initial products. 
Dimers, trimers, etc., would thus be further 
cracked into monomers. More efficient molec­
ular distillation would still further reduce the 
yield of monomer and produce chiefly degraded 
polymers within the molecular weight range of 
100 to 1,000 . The latter figure corresponds ap­
proximately to the heaviest hydrocarbon species 
that can be distilled. Above this molecular 
weight, molecular cohesion is greater than the 
carbon-carbon single bond strength [4]. It can 
thus be seen that although low preSSUTe decreases 
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side reactions, monomer production is not neces­
sarily improved, as dimers and larger molecules 
are formed and not ubseq uently decomposed. 

Table 1 shows the analysis of the volatile 

TABLE 2. Volatile pl'odu cls obtained in the pyrolysis of 
dien e polymers 

Diene poly mcr Volatilc pyrolys is proclucts a 

D utacl icne ____________________________ _ 
Vinylcyclohcxe ne ____________________ _ 
E thane __________________ ____ ____ ___ __ _ 
Propane ________ ________ __________ ___ _ _ 

Polybutadiene _ _ _ _ _ _ _ ___ Methanc __ - -- ---- - - - - - - ------ ---------
C. H IO ________________________________ _ 
C ,H , _____ ____________________________ _ 
C 6H IO _________ __________ ________ ___ __ _ 
C ,H 6 _______________ ______ ____________ _ 
C ,H 6 ___________ ______________________ _ 

I sopre ne ___ __________________________ _ 
Dipentcne ___________________________ _ 
M e thane ______ _______________________ _ 

C yclopentad iene _____________________ _ 
1') ro penc. ____ __ ___ _______ _____________ _ 

Mo le 
pcrcent 

34 

18 
13 
12 

5 

2 

50 
13 
13 

6 

Balata _ _ _ _ _______ ____ ___ E thane_______________ __ __________ _____ 4 
C ,R IO __ __ __ ____ __________ ________ ____ _ 2 
C ,H I3 _______ ________ __________ . ______ _ 

C ,E 13 ____________ _ - ---- -- ---_ -- - __ - __ _ 

C ,E IO ______ __ __ __ ___________________ _ _ 
C ,lTIs_ _ _ __________ _____ ____ __ __ _ ______ 'l'race 

I soprenc ____________________ __________ _ 

Dipentene . ___________________ ._. ____ _ 
E tbane __________________ ._. _. ______ __ _ 

Natural crepe ____ __ ____ _ 
C yclopcntad ic nc . ____________________ _ 
C ,Elo ________________________________ _ 
CR. ___________ ____ ___________________ _ 
C ,R lo ________________ -- -- _ -- _________ _ 
C ,E Is ________________________________ _ 

rg:~~~~~~_~~~-:::::::::::::::::::::::: 
M ethanc __ ______ ________ _____________ _ 
E thane ______ .. _______ ________________ _ 
C yelopentad icne _____________________ _ 

Polyisoprcne . ____ ______ _ C ,lllo ________ ----- _____ __ -___________ _ 
C ,R I3 ________ _ _ - _ - _ - _ - _ -- - _ - _ -- _____ --

C ,Rlo ________________ __ ________ _______ . 
Propene ________ ___________ __ _________ _ 
'J'oluene _____ . __________ _____________ _ _ 
C sR IO _____ ____ ____________________ __ _ _ 
C 'R I3 _________ __________ ____ _____ ____ _ 

2.3-Dimeth y lbutad iene-l ,3 ___________ _ 
C ,R IO ___ __ _____ ________ __ ___________ _ _ 

M eth yl ru bber ___ ____ ___ Ethane _____ -- - --- -- - - -- -- - --- -- - - -- - --
M e thane ____ _________________________ _ 
C ,R ,, ________ ___ _______ __ _____ _______ _ 
C ,H I3 ________ ___ _______ __ ____________ _ 

j2-methYIPen tadiene- l ,3 __________ ______ } 
4-mcthylpcn tadlene-I,3 _______________ _ 

P olym ethy lpentadiene _ _ Ethane ________________ ____ ___ ________ _ 
Methane __ ___________________________ _ 
High-boilin g fract ion _________________ _ 

57 
13 
11 

7 
7 
3 
2 

'l'race 

67 

4 
3 

0. 5 
. 1 

80 
10 
8 

97 

. 1 

.2 
Trace 

a 'rhe volat ile prod ucts represent 3, 4,4, 8, 7, a nd 26 percent, respectively, 
of the polymers lis tcd. 
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products formed in the pyrolysis of vinyl poly­
mm·s. The number and quanLities of product 
other than monomer indicate the extent of various 
side reactions. 

Table 2 presents the analysis of volatile products 
from som e diene polymers. The three isoprene 
polymers are similar , and the poorer yield of 
monomer from the natural polymer may be due 
to the presence of impurities. The presence of 
cyclopentadiene in the products from the yn­
the tic polymer would be expected, because i t is 
usually present in commercial monomer; it wa 
unexpected, however, in the case of the natural 
polymers. 

Table 3 gives the monomer yields from the 
various polymer s. In the case of three vinyl 
polymers, the yield is in the inverse order of their 
heat stabilities [5]. The heat stabilities of the 
diene polymers migh t therefore be expected to be 
in th e inverse ord er of the monomer yields, with 
the exception of neoprene, which break down 
with the liberation of hydrogen chloride. 

T ABLE 3. Mon0111 er yields in pyrolysis of polym ers 

P olym er 
Mono· 

mer 
yield 

Per~ent 
Polybutadieno_ ___ ________________ ____ 1 

Nat ural crepe ________ ______ ______ _____ 2 
Dala ta ___ _____ ______ ___ __ __ _______ ___ 2 

Diene polymers ____ _____ Polyisopl'ene (synthet ic) ___ ___ ___ __ __ _ 5 
M etbyl rubber. ________________ __ _____ 6 
Polymethy lpentadiene__ __ __ ______ ___ 26 

rcoprene ft. ••• _ _ ____ _ _________ _ ________ 2 

{
P Olyethene __ ___ ____ _________ _____ __ __ _ 0 

Vinyl polymers ______ __ Polys tyrene ______ _____ ________________ 33 
P olyisobutene_______ __ __ _ _ __ _ _______ _ _ 50 

a The production of H C I accounted for 68 pcrcent of the chlorine in n ee· 
preno. 

IV. Discussion of Results 

1. Polymers From Single Monomers 

Thermal decomposition of polymers may be 
considered to ocellI' through three types of reac­
tions analogous to those leading to the forma tion 
of the polymer_ The initial react ion is very 
likely the random breaking of some of the weakest 
bonds, which in hydrocarbons are the carbon­
carbon single bonds. A single break would form 
two radicals, which could easily disintegrate into 
small molecules and a small terminal rad ical. 
Other random breaks could form diradicals that 
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could decompose only into small molecules, so 
that the over-all result would be similar to that 
when a single break is considered. Thus, the 
second type of reaction would be the formation of 
small molecules, sometimes chiefly monomer and 
terminal radicals. Finally, the small radicals 
would either acquire a hydrogen from other 
molecules, thus forming other radicals, or term­
inate by combining with each other or dispropor­
tionating. For high molecular-weight polymers, 
the quantity of products formed in the last step 
would be insignificant. However, if the large 
radicals prefer to pick off hydrogen atoms from 
other molecules thereby producing different radi­
cals that are also capable of removing hydrogen or 
splitting into molecules and still other radicals, 
then there will be produced a variety of products 
other than monomer. 

Whatever mechanism of thermal decomposition 
is considered, only products formed from the 
fragments of the chain ends would depend on the 
molecular weight and distribution. This effect 
would be appreciable only for rather low molecular 
weight polymers. Bachman et al. [6] report 
that the pyrolytic yield of styrene from low 
molecular weight polystyrene decreases with de­
creasing molecular weight of the polymer. 

A simplified scheme for the thermal depolymeri­
zation of the vinyl polymers, except for the case 
where the C-Y bond is weaker than the C-C 
bond, may be postulated as follows: 

H H H H H H H H (1) 
I I I I I I I I 

R-C-C-C-C-R~R-C-C-C·+R-C· 
I I I I I I I yl 

H y H Y H Y H 

H H H ~~ 
I I I H 

R-C-C- C . ~CH2=CHY +R- C· 
I I I Y 
H Y H 

H H H H H H H 
I I I I I I I 

R-C-C-C·+R-C-C-C-C-R~ 
I I I I I I I 
H Y H H Y H Y 

H H H H H H (2b) 
I I I I I I 

R- C- C- C-H +R- C- C- C- C-R 
I I I I I I I 
H Y H H Y H Y 

H H R 
I I I 

R-C- C- C . ~Other molecules + R. (2c) 
I I I 
H Y H 
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H R H H 
I I I I 

R·+R-C-C-C-C-R~ 
I I I I 
H Y H Y 

R-CH=CHY+ . CR2CHY-R +RR (3a) 

2R·~R-R 

Hydrogen chloride is very easily stripped from 
polyvinyl chloride, so that the above reaction 
scheme is not applicable in this and similar cases, 
where the bonds to the substituted side groups 
are weaker than the C- C bonds in the chain. 

In a chaip with head-to-tail structure, all of the 
C-C bonds are identical, and even with other 
arrangements the bonds are certainly changed very 
little. With a head-to-tail structure, it can be 
seen by inspection that there are two ways of split­
ting out monomers. It can also be seen that head­
to-head and tail-to-tail structure decreases the num­
ber of ways and hence the probability of .obtaining 
monomer. Therefore, the conditions favoring 
monomer are large molecular weight, head-to-tail 
structure, and a monomer that is both heat stable 
and unreactive. The complexity of the experi­
mental results indicate that even under molecular 
distillation conditions the evaporation of produc ts 
is slow compared to the reactions such as those 
postulated above. Mostof the products obtained, 
however, can be formed as a consequence of the 
assumed scheme. 

The relative rates of reaction 2a and 2b should 
then determine the results of pyrolysis. Reaction 
2b depends on the reactivity of the radicals formed 
in the initial break. The activation engergies 
for the removal of a hydrogen by radicals should 
increase in the following order: 

H CH3 CR3 R 
I I I I 

R-C· < R-C· < R- C ·R- C· 
I I I I 
H H CR. () 

CR3 
I 

R-C 
I 

C- O-CH3 
II 
o 

Kharasch [7] has found this order of reactivity for 
the removal of chlorine atoms from carbon tetra­
chloride. For the type of radicals on the right, 
there is no theoretical basis for readily predicting 
the exact order of reactivity; however, it is certain 
that they are quite unreactive compared to RCH2• 

Also the radical RCF2 should have difficulty in 
rem~ving fluorine from nearby chains. Poly­
tetrafluoroethyelene [8], then, presumably de-
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composes chiefly in accordance with reaction 2a. 
In general, all polymers giving appreciable yields 
of monomer on pyrolysis are capable of producing 
such relatively unreactive radicals through an 
initial scission of the chain . Since most of the 
common polymers are formed from mono or asym­
metrically disubstituted monomers, the initial 
break produces two types of radicals, a reactive 
one and an unreactive one. The former rapidly 
picks up a hydrogen. It is then logical to con­
clude that the unreactive type of radical is the 
most abundant species of radical in the decom-· 
posing polymer and produces the maj or portion of 
monomer according to reaction 2a. 

Although radical reactivity seems to be the 
determining factor, it is linked with steric effects, 
since groups that stabilize the radical also cause 
increased steric hindrance. The bonds in the­
chain arc consequen tly weaker, and decomposition 
will occur at lower temperatures. Thus reaction 
2a is favored simultaneously by both sterie and 
radical factors. 

The resul ts on polyiso bu tylene and polys tyrene 
are interes ting in this light. The stYl'ene radical 
would ordinarily be assumed more unreactive than 
the tertiary bu tyl radical; however, polyisobuty­
lene, in which there is known to be a large steric 
effect [9), produces the largest yield of monomer. 

It is Imown Lhat carbon-carbon bond strength 
become weaker as one proceeds from primary to 
tertiary bonds [10]. This effect is probably 
independent of steric hindrance but not of the 
reactivity of the radicals formed by bond cission. 
Also, bonds adjacent or alpha to double and triple 
bonds are relatively stronger, whereas beta bonds 
are weaker. 

A scheme similar to that for the vinyl decomposi­
tion can be postulated for the dienes. However, 
diene decomposition differs from that for the 
vinyls primarily because all of the bonds in the 
chain are not identical. H ence splitting will not 
be at random. The bonds in the beta position to 
the double bonds are presumed to be the weakest, 
and breaking of these bonds fa VOl'S monomer 
production. Thus the effect on monomer yield 
of the wealmess of these bonds in the dienes 
compensates for the dependence on the manner of 
splitting. Scission of any other bonds would lead 
to products other than monomer, dimeI', etc., 
whereas in vinyls it does no t matter which bond 
of the chain breaks first. In the diene case also, 

Pyrolysis of Polymers 

the radical reactivity effect appears to account for 
the differences found among such polymers. 
HO\vever, because of the double bonds in the chain, 
the dienes can react in many more ways thao. the 
vinyl polymers, and hence comparisons between 
the two types of polymers arc not significant. 

2. Copolymers 

In all thermal decompositions there arc compet­
ing reactions that the structure of the polymer 
either does or does no t favor. This comes about 
through the operation of two effects: (1) probabil­
ity, or the number of ways a certain result is 
obtained, and (2) bond strengths. Th e arrange­
ment of substituent groups decides the first, and 
their nature decides the second. In copolymers, 
the study of these effects leads to some interesting 
conclusions. 

For in Lance, in GR-S we have essentially stYl'ene 
lmits isolated between butadiene llllits : 

' , " " , , , , - C- C= C--C- C-- C- C- C=C--C--[
H. H H H ] 1.1 IT [ H H H f.I ] 

H I-I mH H H D , " 6 ' , 
In this arrangemenL sLYl'ene can be obLained in 

only o))e way instead of Lbo Lwo possible in poly­
styl'ene. H ence the probab ility of obtaining 
styl'ene is halved. TheoreLically, one should 
expect from GR-S, assuming that all styrene 
llllits were isola Lcd, only half of the percentage of 
styl'ene yield possible on the basi of the poly­
styl'ene results. Thus, if by a given method Lhe 
yield of styrene is 33 percent by weight from poly­
stp'ene, GR-S, which contains 23 .5 percent by 
weight of stp'ene, sbouldyield23.5 X 0.33 X 1/2 = 3.9 
percent. Tbe experimen tal yield was 3 percen t. 

In the case of the copolymer of methyl metha­
crylate with styrene, we fi nd that, considering a 
head- to-tail structure and complete al ternation, 

H H H C Ha H H H C Ha , , , , , '" 
-?--6C- ?--?----?----6C--?--?--H H C H H C 

II '" II '" o OCHa 0 OCH3, 

there are two ways of obtaining monomers. 
H ence, we would expect the same yields of mono-
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mer as from the simple polymers. This has been 
fOlmd to be true by Bachman, et al. [6], who 
recovered 66 percent of the styrene from such a 
copolymrr, whereas under the same conditions 
polystyrene yielded 60 to 65 percent of its styrene. 
In the case of a symmetrical disubstituted ethene 
polymerized with a monosubstituted or asym­
metrically disubstituted ethene, we should again 
have a copolymer that has only one way of splitting 
out monomer if the monomer units considered are 
isolated from one another. 

H H H H H H H H 
I I I I I I I I 

- c- c- c---c- c- c- c---c-
I I I 11 6 1 I HO c C H C c 

II '" / II II '" / II 000 000 

Bachman also depolymerized the copolymer of 
styrene and maleic anhydride. His yield would 
be expected to be 1/2 X 60, or 30 percent, of styrene 
recovered. Instead, he obtained 11 percent; 
however, the polymer loses carbon dioxide readily, 
so that side reactions may easily occur and thereby 
reduce the yield of styrene. 

The above results confirm the assumed head-to­
tail arrangement for polystyrene and polymethyl­
methacrylate. The low experimental yields from 
the copolymers imply an increased susceptibility 
to side reactions and cannot be attributed to 
head-to-head and tail-to-tail arrangements in the 
simple polymers. 

Table 4 presents the comparative yields of 
styrene from various copolymers compared to the 
yield from polystyrene. It can be seen that the 
yield depends on the nature of the copolymer as 
well as the conditions of pyrolysis. In order to 
use pyrolysis as an analytical technique, one would 

T ABLE 4. Comparison of styrene yields from polymer and 
copolymers 

Polymer Styrene 
yield ' 

----_._--

This worL ____ . _____ __ {~~~~~~~~~::~::::::::~::: ::::::::: ::: 
Percent 

33 
14 

60 to 65 
66 

11 to 12 

styrene recovered 
• Styrene yield 100. 

styrene in polymer 
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need to know how' the monomer units, were dis­
tributed in the copolymer which can be obtained 
from copolymer theory; or if one knew the amounts 
of different monomers in the polymer the yields 
would indicate their arrangement. 

Assuming that the effect of side reactions on the 
yield of a given monomer remains constant in 
going from simple polymer to copolymers, and 
that the C- C bonds in the vinyl chain and se­
quences are of equal strength for a given monomer, 
then the pyrolysis yield of monomer from the 
copolymer formed at low conversion can be cal­
culated if one lmows the yield from the simple 
polymer, the monomer reactivity ratios (r A and 
rB) [11, 12], and the composition of the monomer 
charge. The probability of regenerating monomer 
A, for example, styrene, from the simple polymer 
can be considered unity. The probability of ob­
taining monomer A from sequences BAB con­
sisting of say butadiene-styrene-butadiene units 
is 1/2, from BAAB sequences 3/4, and from 
BA1A 2 • •• A iB is (2i - l) /2i. 

It has been shown [13] that the probability of a 
given sequence containing i monomer units is 

(4) 

where P BA is the probability of a radical ending in 
monomer B reacting with monomer A in the 
process of copolymerization. Probabilities P AB 
and P A A are similarly defined. They can be cal­
culated from the following expressions: 

A 
P BA = A + rBB' (5) 

B 
P AB = r.1 A + B' (6) 

PAA 
rAA 

(7) 
rAA + B' 

where A and B are the concentrations of the mono­
mer in the mixture from which the polymer under 
consideration was formed. 

The probability of obtaining monomer A from 
any copolymer is simply the sum of the products 
of the probabilities of the various sequences and 
the probabilities of obtaining the monomer from 
the sequence. Hence 

P A from copolymer= 

i=oo 2i- l. i= oo 2i- l i- I (8) L: - 2-' - PBA~B= PBAB L: - 2-' - P AA· 
;=1 ~ ;= 1 ~ 
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The yield of A(YA ) from copolymer would then 35 ,---------------------, 

be given by 

or 

where N"l is the yield of A from its simple polymer 
under the same conditions used to decompose the 
copolymer of A with B. By means of eq 5, 6, and 
7, the function can be written in terms of monomer 
concentrations, A and B, used in making the 
copolymer . 

(11 ) 

These equation arc valid , of course, only for 
polymers formed at low degrees of conversions or 
where the relative monomer concentrations are 
con tant during polymeriza tion. Monomer A can 
be any s table mono or asymmetrically di ubsti­
tuted ethylene and B any di ene or symmetr ically 
disubstituted ethylene. D evia tion from the pre­
dicted result may be an indication of the extent 
to which the initial assump tions arc no t trur o 

Figure 3 is a plo t of eq 11 applied to sty rene­
butadiene copolymer where NA is taken to be 33 . 
A 33-percent yield of styrene was obtained on the 
depolymerization of polystrene by 0UI' techniquc. 

F igure 4 is a theoretical plot of y ield against 
polymer composition . The straight lin e would 
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FIG URE 1. StY1'ene yield ve1'S1/S pollimer composition. 

apply if the copolymer were simply a mL"Xture of 
polystyrene and polybu tadiene, whereas the curved 
line would apply for a pure copolymer formed at 
low degrees of conversion . 

The above-men tioned con iderations usinO' mon-, . b 

orner yield as a criterion for structural variations, 
should, of course, he correlated with yield of other 
prod ucts. Neverth eless, monomer yield alone can 
furnish information on the arrangement of the 
units, the number and types of sequences in cer­
tain copolymers, or composition. As the mass 
spectrometer is calibrated for more compound , 
this technique should become increasingly valu able 
and perhaps become a t least a supplementary 
analy tical tool for the study of polym ers. 

V. Conclusions 

The thermal decomposition of polymers can 
be studied by the usc of the mas, pectl'Ometer to 
identify the volatile products. Small samples 
(0.001 g) are sufficient, and the experimen tal 
procedure is relatively simple. Qualitative es ti­
mates can be made rapidly, but precise analyses 
require considerable study of Lhe mass spectro­
metric records. The ch ief limi tations are that 
mass spectrom etric data must be obtained for a 
large number of pure compounds, and that the 
studies arc r estricted to the volatile decomposi­
tion producLs; that is, those havin6 a vapor 
pressUl'C at room temp erature of 1 mm of m erCllry 
or more. 

Import.ant structmal arrangements in Che 
polymer can be deduced from the nature of Lhe 
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pyrolysis products, but minor ones are frequently 
obscmed because of the many secondary products 
formed. In general, it appears that monomers, 
from which relatively unreactive radicals are 
derived, have a higher degree of resonance stabil­
ization and form polymers that decompose to a 
large exten t into monomer. Polymers formed 
from such monomers appeal' more susceptible to 
thermal degradation. Polymers that have weakly 
held side gToupS, as well as fluorine substituted 
polymers, would form exceptions to this 
generaliza tion. 

Monomer yield alone can be used as a criterion 
of structure for certain copolymers and can be 
estimated from a Imowledge of the relative 
renctivity of the monomers, the conditions of 
polymerization , and the results obtained with 
simple polymers. 

The author thanks A. K. Brewer, F. O. Rice, 
and Robert Simha for their direction,' encourage­
ment, and suggestions. Acknowledgment is also 
made to Robert Reese, Lee Parham, and Vernon 
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