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SUMMARY 

A sample of acrylonitrile-styrene copolymer was fractionated into ten portions 
by using analytical scale sizeexclusion chromatography and the composition of the 
copolymer fractions was determined by using pyrolysis gas chromatography_ A 0.12- 
ml volume of each fraction was collected in a platinum boat and the copolymer on 
the boat was pyrolyzed at 700°C after the removal of solvent. The amount of co- 
polymer pyrolyzed at a time ranged from 0.004 mg to 0.022 mg. The copolymer 
fractions have an average acrylonitrile content of 24x, the composition ranges from 
21% to 30x, with the acrylonitrile content decreasing with increasing molecular 
weight_ These data are in fair agreement with those determined by a dual-detector 
method, using ultra-violet and difiercntial refractive index detectors. This system can 
be applied to the determination of both distributions, molecular weight and com- 
position, of copolymers for which a dual-detector method is inadequate. 

- 

ENTRODUCi-ION 

The physical properties of copolymers are dependent on their composition 
and molecular weight. Several studies have been made of the determination of the 
copolymer composition as a function of molecular weight. Size-exclusion chromato- 
graphy (SEC) ( conventionally gel permeation chromatography, GPC) has been used 
in combination with ultraviolet (W) and differential refractive index (RI) detectors 
for molecular weight and composition analysis of copolymers such as styrene- 
butadiene’a and 4-vinylphenytisoprene3. The relationship between copolymer com- 
position and molecular weight for a poly(sqrene-viuyi stearate) copo!ymer has been 
investigated by preparative SEC and infrared @R) analysis of the fractions4, and by 
the rapid stop-and-go GPC-IR techniquti. Mokcular weight and composition distri- 
butions of a poiy(vinyl chloride-vinyl acetate) copolymer have been determined by 
SEC and IR analysis6 *‘_ An on-line LR spectrophotometrk detector has been used to 
monitor individual fimctional groups in a poly(styrene-$erf.-butyl methacrylate) by 
repeated in&ction.s of th e solute, and changing the wavelength setting. 
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The use of a UV detector in series with a RI detector for simultaneous deter- 
mination of the composition 2nd the molecular weight of a binary copolymer 
requires the restriction that one component shouId absorb UV radiation and the 
other should not_ This Iimits the number of copolymers that can he examined by this 
W-RI system. Appropriate selection of the wavelength setting in an IR detector may 
significantly expand its range of appiic2biiity to copolymer analysis, but the limited 
choice of solvent as the mobile phase to match the waverength setting for functional 
groups in copolymers restricts the versatility of the detector. 

Pyroiysis _m chromatogmphy (PGC) has heen widely used for copolymer 
composition analysis. Conditions essential to quantitative reproducibihty in PGC have 
been studied and reproducibility can be achieved provided parameters such as 
pyrolysis-tern_perature rise time, sample size and sample thickness are carefully 
prescribed9. PGC may offer many advan@es over other techniques such as the 
UV-RI system 2nd IR dettition in SEC_ One of these advant2ges is the small 
sample size, and poIymer amounts of less than 0.1 mg are occasionally pyrolyzed 
at a time_ Sample size injected in high-performance SEC is usually 0.5 mg or less, 
and preparative-scale SEC may be required in order to determine the copolymer 
composition by an off-line IR detector ‘_ Therefore, the utilization of P6C on the 
SEC fractions may permit the compositional analysis of copolymers the com- 
ponents of which do not absorb UV radiations, or of copolymers for which the 
application of IR detection is difficult. One examp!e is a combination of SEC, thin- 
I2yer chromato_graphy 2nd PGC which has been used for the investigation of a 
polymethyl methacrylate-poIystyrene-polymethyi methacrylate block copolymerlo. 

In this paper, the evaluation of the precision and applicability of combined 
PGC-SEC was undertaken 2nd compared with the dual-detector method, a com- 
bination of W and RI detectors in SEC, in the determination of the percent com- 
position of copolymers as a function of molecular weight. Acrylonitrile-styrene 
copolymers (ASR) were employed, 2 sm2ll amount of ASR being fractionated by 
SEC foliowed by determination of the composition of the fractions by PGC. 

EXPERIMENTAL 

SEC Two sets of Iiquid chromatographs were used. One was 2 JASCO 
(Japan Spectroscopic Co., Tokyo, Japan) Trirotar high-performance liquid chro- 
matograph equipped with a JASCO Uvidec-100 variable-wavelength W detector and 
a Shodex SE-11 RI detector (Showa Denko Co., Ltd., Minato-ku, Tokyo, Japan). 
The W detector was operated at 254 nm with 2 IO-mm path length microcelL Two 
Shodex A 80M GPC columns (500 x 8 mm I.D.) packed with a mixture of poly- 
styrene &gels of nominal porosity l@, lo’, 105, and l!F A were used_ The other set was 2 

Model LC-08 high-speed preparative liquid chrom2tograph (Japan Analytical Industry 
CA., Tokyo, Japan) equip_ped with I_%’ and Ri detectors and two preparative GPC 
columns (600 x 20 mm I.D.) packed with Jaigel3H (corresponding to Shodex H203). 
Chloroform was used as soivent (the mobile phase). 

PGC. A Y2naco (Yanagimoto Seisakusho Co., Kyoto, Japan) G-SO gas 
chromatograph equipped with a frame ionization detector was used. A Shimadzu 
Model PYR-2A furnace-type pyrolyzer was employed. The stainless-steel column 
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(150 cm x 3 mm I.D.) was packed with Diasohd L (100-120 mesh) coated with 5 oA 
PEG 6OfJO. 

Two grades of acryionitrile-styrene cupolymers (ASR) were used. One was 
prepared in our laboratory by solution polymerization in benzene using Q,Q’-azo- 
bisisobutyronitrile as an initiator. The nitrogen content in the polymers was deter- 
mined by Dumas’ method. The acrylonitriIe contents ranged from 22.2 to 46.4 
wt%_ The average molecular weight ranged from 5000 to 10,OKQ as determined by 
SEC. The acryionitrile content of the sample (ASR-5) used for SEC fractionation 
and PGC analysis was 28.6 wt.%. The other grade was obtained from Mitsubishi 
Monsanto, Tokyo, Japan The acrylonitrile contents ranged from 20.0 to 29.0 wt. %, and 
the average moIecular weight from lKO,OOO to 200,ooO. The acrylonitrile content of the 
sample (ASR-24) used for SEC fractionation and PGC analysis was 24.0 wt.%. 

Procedures 
Calibration curve fur FCC. About 5 mg copolymer material of known com- 

position were weighed into a X3-mt voIumetric Kask and dissolved in 20 ml chloro- 
form. A ZO-~1 volume of this solution was placed in a pIatinum boat (capacity CQ_ 
40~1) and dried using a 250-W IR lamp. This procedure was repeated twice, ca. IOpg 
of the copolymer material being collected in the boat. The platinum boat was then 
inserted into the pyrolyzer. The pyroiysis temperature was 700°C. Operating con- 
ditions for GC analysis: nitrogen flow, 15 ml/min; column oven temperature, 
140°C; flame ionization detector, range IO-’ with l/256 attenuation. The ratio of 
peak area of acrylonitrile monomer to that of styrene monomer was plotted against 
the copolymer composition and a calibration curve was thus constructed. The 
product of peak height and peak half-width was used as peak area. 

Fractionation of copolymer. The sample ASR-5 (ca. 25 mg) was weighed and 
dissolved in 5 mI chloroform. A I.Eml volume of this solution was injected into a 
Model LC-08 liquid chromatograph. Eleven IO-ml fractions were collected over the 
elution range of the sample. 

The sample ASR-24 (ca. IO mg) was weighed and dissolved in 5 ml chloro- 
form. A 0.5-ml portion of this solution was injected into a Trirotar liquid chromato- 
graph, the Kow-rate being 1.0 mljmin. Collection of fractions was carried out at 
intervals of 80 set (every 1.33 ml) and ten fractions were collected over the elution 
range of the sample. 

PGC of the fractions. For fractions of the sample ASR-5, a 30-~1 portion 
of each fraction, except Nos. 1 and 1 I, was placed in a platinum boat and allowed to 
dry. This procedure was repeated six times and a total of 180 ~1 of the fraction were 
collected on the boat. Fractions 1 and 11 were concentrated to one-fourth by volume 
before being placed in a platinum boat, and then a total of 180 pl of the concen- 
trastes were collected on the boat. 

For fractions of the sample ASR-24, a total of 120 ~1 of each fraction, except 
NOS. 1 and IO, were collected on the boat. For fractions 1 and 10, 360 ~1 were 
collected in total_ PGC conditions were the same as for the calibration curve. 
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Distribiins of molecular weight and composition 
Step I_ A calibration curve of log molecular weight cs, elution volume was 

constmcted using polystyrene standards_ 
Step 2. A copolymer calibration curve of tog moksular weight ES. dution 

vo!ume was constr~~cted from the known compositions of the fractions of ASR-5 
or ASR-24 copolymers and by using +&e polystyrene calibration curve_ The copolymer 
moleculas weight obtained from the po~ystyreue caliiration curve was convert& into 
the zxxalkd “working” molecular weighp using 

M,= M,(I - 4.9 x 1W3 _4N moi “/6) 

= M,(l - 
51 ANwt_% 

5300 + 51 AN wt.% (1) 

where M, = “working” mofecular weight of the copolymer, MS = mokcukr weight 
from the polystyrene calibration curve and AN mol% and AN wt. % = acrylonitsile 
content in mot % and wt. %. 

First, the value of M, for each fraction was determined from the average 
elution volume of tke fraction using the polystyrene calibration curve. Then, the 
value of M, for the fraction was calculated from eqn. 1, 
value and the average elution volume of the fraction_ 

Step 3. The RI response of the SEC chromatogram 
was corrected using 

H -_ = kxacc_ (1 f 0.011 AN wt.“%) 

followed by plotting the 

of the copolymer sample 

(2) 

where H-_ ad Hun,,_ are the corrected and uncorrected heights of each increment 
of the elution volume. 

Step 4. The mokcuku weight avera-gzs of the copolymer sample were 
calculated from the values of H,,_ obtained in Step 3 and using the copolymer 
calibration curve in Step 2. 

Step 5. The diflkrential moIecuIar weight distributior? curve was constructed 
after converting thz vaIues of d WjdY of the normalized SEC chromato_piram in to 
those of d W/d log M using the copolymer calibration curve. 

Step 6. By p!otting the relation between M, and acqlonitrib content of each 
fraction on the same chart obtained in Step 5, both distribu’;on curves, molecular 
weight and composition, were visualized_ 

RESULTS AND DISCUSSION 

Quantitative analysis of pyrolysis products requires much more stringent 
control than qualitative identification techniques. Differences in, for example, sample 
size and sample feat_Jres, can often sii&icantly affect the decomposition pattern”_ 
The major product of degradation of polystyrene and polyacqlonitrile is the 
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rest z2Kmmmr d the y&t is de-t OR teSqm3tel-e ami sam@e size. 
The copolyrneh tamxmratio~ of SEC fractions is variable and the content of 
copolymers subjected to PGC might he very smah. For these reasons, pdiminary 
investigations 0fexpetimzMaX factors must be pedonned before analysis of SEC 
fractions. 

A chloroform solution (0.5x, w/v) of ASR-5 was prepared and various 
vohunes of this sohtion from 10 ~1 to I00 PI- were loaded into a platinum boat, 
followed by evaporation of the chloroform. Polymer contents loaded were between 
0.05 mg and 0.5 mg. PCC was carried out at various pyrolysis temperatures and 
peak-height ratios of aerylonitrile monomer to styrene monomer were plotted 
against polymer weight pyrolyzed. The results are shown in Fig. I. Both the yields and 
peak-height ratios of the respective monomers increased with rising pyrolysis tem- 
peratures except that the maximum yield of styrene monomer was attained at 650°C. 
This suggests that sensitive analysis may be performed at higher pyrolysis tempera- 
tures. Pyrolysis of lower sample weights gave similar results as shown in Fig. 2. 
A 0.05 % (w/v) chloroform solution of ASR-5 was prepared and the polymer contents 

Fig. 1. Variation of ratio of momxuer yi&?s with sax& weight pyrolyud Sample; ASR-5. 
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loaded into a platinum boat were between @A05 mg and 0.05 mg. ‘Fbe curyes ofpeak- 
h&g&t ratio against polymer weight exhibit a minimum, which demonstrates &at the 
peak-height ratio is dependent on the iveight of the pyroibzd sampfe. On the other 
hand, the peak-area ratio is independent of the sample weight (see Fig_ 2)_ 

5 
; I I I I 1 I 

*.a1 3.02 a.03 a-a+ a.05 

PaLm -~I~ r-1 

Fs 2_ Variation of ratio of monomer yields with lower sample wzight pyrolyzed and comparison oi 
peak h&M and peak area. A, Fk&-height ratio; B. peak-area ratio. Sample, ASR-5. 

A PGC calibration curve of the ratio of peak areas of acrylonitrile and styrene 
monomers rersu acrylonitrile content obtained from physical mixtures of homo- 
polymers (polystyrene and polyacrylonitrile) differed significantly from that obtained 
from copolymers of known composition as shown in Fig. 3. This difkrence may be 
due to the difference in rates of degradation between copolymers and homo- 
polymers. The yield of acrylotitrile monomer from the physical mixture was 50% 
less than that from the copolymer of the same composition, and that of styrene 
monomer 25% more_. The peak positions of styrene monomer and other products 
from polystyrene were delayed by co. 7 see compared with those from the sryrene 
unit of the copoIymer. In this study a PGC calibration curve has been constructed 
by using copolymers of known composition. 

The repeatability of pyrolysis is excellent and the relative standarddeviation 
of the ratio of peak areas ranges from I .O oA to I.5 %_ The reproducibility at different 
sample loads is aIso good and the reIative standard deviation is less than l-S”/,. The 
standard deviation of the acrylonitrile content is 0.15 wt. %_ I&e calibration data 
were not &&ted by the mokcular weight difference in the range studied. 



Fig. 3- Comparison of the ratio of respective monomer yields betwzen copolymers (A) and physical 
mixtures of homq&mers (IS). Sample weigth pyrolyzed. 2 mg. 

Composition and molecular weight of fractions 
RSR-5. The cqolyrner material (7.5 mg; 1.5 ml of 0.5% solution) was 

fractionated into eleven portions and the copolymer content in each sotution frac- 
tionated ranged from 0.045 mg to 1.545 mg_ The copolymer amount pyrolyzed at 
a time ranged from 0.0027 to 0.0278 mg. The variation of the pyrograms with 
polymer weight pyrolyzed is shown in Fig. 4 for fractions L and 2. For fraction 2, 
the pyroIysis patterns are somewhat different, but the numerical value of the ratios of 
peak area of acrylonitrile and sqrene monomers does not change with sample size 
except A in Fig. 4 which is about two-thirds that of the others. In addition, hydro- 
carbons such as methane, ethane and ethylene in- in yield. The minimum 
sample amount pyrolyzed shonld by 0.002 mg under the present experimental 
conditions. Therefore, a volume of IS0 ~41 for fraction I is too small to obtain an 
accurate value for the peak ratio. 

For comparison purposes, known weights of the copolymer fmetion were 
colkcted on the boat. The copolymer content in each sohttion fractionated was 
estimated from the area on the SEC chromatogmrn occupied by each faction and 
ca_ O.OM mg (from 40~1 to 330~1 for frafztions 2-10) of the copolymer were pyrolyzed. 
The compositions of eopo&ruer fractions as determined by both procedures are 
summarized in Table i, together with the values caknlated by a dual-detector method 



Fig. 4. PyroIpis gas chromatoSrams of fractionated copolynxr ASR-5 at different pjmiysis amo*mb. 
A-D. Frtin 2; E-F, fraction 1. smple volmne., a-eight and GC sensitivity: A, 40 ,ul, 1.0 pg. 
10-l x l/32; B, 6Opl, f5~& 10-l x I/32; C, lSCpl, 4.6~~ SO-’ x l/64; D, 300~1,7.7p~ IO-’ x 
IjlzS; E, lSOpi, 12plg. IO-* x I/32; F, 18Opl (a concentrate), 4.8 p& IO-’ x l/64. Peaks: I = 
aayLm.itr+ie; II = stymne. 

which will be discussed elsewhere. These results are in good agreement with ezch 
other- The average acryionitrile content for the whole copolyxner as ca.IcuMed from 
the acrylonitrile content and the weight percent of each fraction is listed in the same 
column. These values are in fair iqpzement with the anaiysis of the uafractionated 
sample (28.6 wt. “/o). 

The weight percent of each fraction was c&ulated from the area of the 
SEC chromatogrzm defined by the dotted line (see Fig. S)_ A correction was made 
for the Merence in response factors between polystyrene ad polyacrylonitrile 
using eqn. 2. In the range of chemical compositions studied. the correction does not 
significantly influence the results ofthe weight percent for each fraction. The mokcular 
weight of each fraction was calculated from the sLver;tge elution volume- of the 
fraction ming the polystyrene calibration curve and eqz_ l_ Molecular weight averages 



1 24.2 (24.2) 25.6 0.9 0.9 54 
2 25.5 26.0 25.9 3.5 27.5 
3 27.2 27.0 272 10.0 

z-z 

4 27.7 21.7 28.2 17.1 16:9 
16.6 
11.1 

5 28.8 28.6 29.1 20.6 20.6 7.5 
6 29.3 29.3 289 18.1 182 5.0 
7 3Q.P 30.3 29-9 13.7 13.8 3.35 
8 30-7 30.8 30.5 8.8 89 2.25 
9 31.3 315 31.5 4.7 4.8 I.55 

10 31.6 31.9 309 20 2.0 1.02 
11 33.3 (33.3? 33.9 0.6 0.6 0.66 

calculated 
a==s 28.9 29-O w-0 
atmposition 

l Dual-detactor method. 

of the whole copolymer, calculated 
3) and the copolymer calibration 
4.38 - 101_ 

by using the corrected SEC chromatogram (Step 
cmve (Step 2), are M, = S.Ol- 103 and Hn = 

AS&24. The copolymer mate&i (1.0 mg; 0.5 ml of 0.2% SoIutiou) was 
fractionated into ten pertions and the copoIymer amount pyrolyzed at a time 
ranged from OJlOI9 mg to 0.0220 mg. The normalized size exchusion chromatogram, 
the polystyrene calibration curve (Step 1) aud the copolymer cahbration curve (Step 
2) am shown in Fig. 5. Fractionation of the copolymer was carried out at indicated by 
the dotted lines on the chromatogram_ 

The SEC chromatogram of the copolymer must be corrected using eqn. 2 
when a differential refractometer is used as a detector_ This equation has been 
derived from the assumption that the response factor of polystyrene is 2.1 times that 
of polyacrylouitrile. 

The molecukr weight averages for the copoiymer CafcnMed according to 
step 4 are its, = 1.79-105, && = 6.44-W and iia,lH* = 2.78. The values cal- 
culated assuming a constant composition are slightly higher: X& = 1.81 * lo5, 
&, = 6.63. IOC and .8&J&& = 2.73. IQ the range of chemicnf compositions and 
mokcuk weights studied, the chemical composition does not signi&antIy influence 
the resuits of SEC analysis_ 

Fig- 6 shows a uonuabzed difkeutial mokcuk-weight distribution curve 
caiculated by Step 5, and the acrylonitrile content as a function of mokcular weight. 
The composition distribution curve calculated by a dual-detector mehtod is also 
shown. The comparison of these methods will be discussed elsewhere. The average 
acrylouitrile content for the whole copolymer as cakuIated from the composition and 



the weight percent of each fraction was 24.4 wt. %, which is in good agreement with 
the vaiue for the unfractionated sample (24.0 wt. YJ. 

&xx_ 1 has been derived from 

M-z M x 53ANmoi% f WSFmol% 
= S 104 x 100 (3) 

where 53 and 104 are the molecular weights of monomer units of aerylonioile and 
styrene, reqxxtiveIy_ This equation is based on t&z eoucept of “working” mokular 
weighP, and its validity will be discussed elsewhere. 
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Fig. 6. Normalized molecular weight and composition distribution curves of ASR-24 copolymer, 
obtained by FGC (A) and by a dual-detector method (B). 
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