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An acttiin ilc  n iP lhod  Tni' f lp to rn iin in g  th e  m ic ro s tru c -  
lur«'H (if ]iolyl>iitHclion»fi iind  iiiita tiien e -n tx rcn e  copoly­
mer* wiiH <icHir4 (̂l lo  Htiidy liio  clTccts o f  p o ly m eriza tio n  
varlal>li‘H. T h e  nnuMiniN <»f a n d  1,2
idditioiiH ill iKilybiiludicmeB, as w ell a» s ty r rn e  in  
butiid irnc-nlyrR ne co |iolyincrB , c a n  l>e d e lc r tn in e d  
iifWJtly by m ra s u r in g  th e  in tn n s itie a  o f  b a n d s  a t  14.70, 

10.90, a n d  14.29 niicron it, rc sp ec tlv e lj'. T h e  to ta l 
iinatfliirnlion o f  em iiln lo ii p o ly n ic rs  m ay  a lso  i>c d c tr r -  
minn«{. AlkiiH iiic la l-c iitu ly /.cd  p o ly m ers  dirTcr from  
m utf)ioii |M>1yiiicrH in  o lh t  r  re sp ec ts  th a n  th e  viirioiift 
t)peii o f  d o u b le  Im ndn. I t  im (K>Asiblo to  o b ta in  q iia iiti*  
Uitivo In fo rm a tio n  alN iiit th e  00*601 o f  p o lyn ie rixa tio ii 
rariablcn on  th e  m ic ro  H triietiirca o f  po lyb iitad ien<‘M 
iitd b iiU id icne-H tyrrne  e-opolyiners. T h is  in e tlio d  m ay  
lie oxteiided to  o ih o r  d ie iic  «‘4»|H)lynicrs.

IN(;E the advent of the emulsion polymerization of gynthi'tic 
rubber, particularly polybutadiene or butadiene-styrcnc 

siyiner, attt>mptfl have been made in many directions to make 
imiliir to nfitiinil nilihi-r in pliyKittul proportion. Ilon'torm-c 
rea h:i3 been gcncTally rccognizod to be an all cia jmlymor <if 
rene. Consequently it has boon thought that an all c/jt- 
>*li<̂ ii«’ne nii^ht have many of the properties of Ilcvea. 
D.v |Homj)t8 hiivc: boon made to make euoh a ])oIymer. llow- 
r. ijfinliono i>olynu*riz<' l>y both 1,4 anti 1,2 additions, 
liiigh)/rrtns-R(Jll (n iR ,,r»«-K C II=C llll,,andU C H =^C U j 
lyb slnidturca, where the ll's are polymer chains. No chcnt- 
nit'tl«)<l wiitJ available to distinguish between these structures, 
liat th(! olT»'(;t8 of r.lianges in the polymerization prorossj-a 
8 jutlgod nioRtly by physical tostfi made on the polymer.
?itli tlu‘ development of infrared spectroscopy, correlations 
vcicn l.!u‘ /mn«-IlClf ClIIRt and IlClI=^Cir» structiues alu! 
d* at I0.;{4 and 10.(>8 microns \v(‘re uHtalslishml. Tho band 
t‘1 the CJ8-U(J1I ^ l l I U i  structure is much more variable in 
rtnil iK)Hiti(Hi. AtU'iuptJ (S, 5) wore made to determine the 
nnt of <ran«-l,4 and 1,2 additions in jmlybutadienes by meas- 
« the intensities of the 10.34- and 10.98-micron bands, 
ipton (7) improved the niethods used by obtaining absorp* 
(iea from polymers and by dcttermining the amount of rr«-l,4 
itioji directly. He also determined tho amount of styrene 
Krtjuiion<!-8tyn*ne ropolymors.
1  H|>|ilyiiig Hampton’s metliod to the analyses of |K>lybuta- 
Ni and butadiene-Btyrono ctopolynjors in Uiese laboratorion 
l^variablo results wore obtained. Tlie amount of polymer in 
.jluMon, determined by the analysis, was very often greater 
I the amount known to be present by determining the total 
it. Tho criteri«m of a satisfactory analysis was taken to be 
t the "total found” should be the known or expectcd unsatura* 
>of the polymer and certainly not more than 100%. I t  was 
»foun<I that alkali metal-catalyzed polybutadienes have dif- 
t (  infrared Rfwotra than the usual emulsion polymer.
H i m  it wiiM (ibfti'rved that. iJic Hpoiitra of many polynxTs l i i i i l  

K{.8 micrciiiN, wliiht tho <rrniA-I,4 and 1,2 (httermina* 
■ nhnwed that some ci«-l,4 addition must bo present, attempts
•  foi^d to find a  more suitable band for determining the 

Idition. One was ^ound a t 14.7 microns, after the 6.1- 
rm band had been tried and discarded, which has led to de- 
■iMtions of the amounts of cr'/>-1 ,-1, lrrtns-1,4, and 1,2 additions

in more than 200 j>olybutadienes and buUdiene-styrene copoly­
mers with generally acceptable results when judged by the total 
found criterion. In addition, tho dotermin.-jfion of the amount.' 
of styrene in copolymers has been refim-d so that the rwults 
erally agree with refractive index measurements over h widi- 
range of styrene concentrations.

E X PF.R IM FN T A L

Thu concentrations of tho eomi»oiients of a mixture c;u\ U- 
determined spoctroseopieally by solving equations of tlie tv{,>e 

/>' •  (e'lOi +  e'tCj -f f'tCt 4- 4- . . .)/ (1
where D is the- measured Hbsorbanre. e the absorptivity, c thr 
coiirentration, and I tho length of li>:lit patii in centimeU'rs. The 
subscripts refer to the eomjKtneiits .‘nd the supt'rsoripls to the 
wave length. If the eonecntrjttioiif- are in moU*s [x»r liter tbf 
e’s will Iw molar absorpti\ilies. Th«- al>sorpti\-ities are derved 
from calibration curves ol)laintHl by nie;isuring the abeorbanee? 
of solutions of known eoneentration of each the pure oompcv 
nents. Thus, for a four-component mixture it is neceesan* to 
make absorbance me.nsurements at four suitable w.hvo length? 
and obtain 1(5 alwoiptivilips; four .->1 each of the four 
lengths. These wave lengths are c\»asen so that at euoh wavt 
length, one of the e'a will Ih’ mueh largtT than the other thnv 
if possible.

I t  is assumed that a ’J>oiybutadien*' is a mixture of fhroo tyjv's 
of .>^tructurel^-namely, n> -n(’il r/iin.«-yiii;il--t'llR..
rind (U(|-=('Illl«—where the H'.-s are polymer chains. Nothi'-.j; 
is said about whether all three of those structure-.* oeeur in or.r 
I)olyiner chain or molecule or whether the {jolymer is coinpofod 
of chait)s each containing only one of these ty;>e? of strui'turt-s 
The bands used for the analyses are at 10..‘?4 microru» for trfini-
1,4 addition, 10.08 microns for 1,2 addition (?:de nnyl). 14,70 
microns for c<a-l,4 addition, and 14.29 microns for styn-iu*

The absorptivities in Equation 1 are found for pol\-n»*rs by 
the method described by Hampton (?) starting with alw rptivi- 
ties obtained in the usual maiuior from c»#-4-oetene at 14.05 
microns for the cw-1,4 component, from fro»ia-4-octene at 10.34 
microns for the /ran»-I,4 component, and from 1-oetene at 10.9S 
microns for the 1,2 (side vinyl) comj>oiu-nt. Figxur 1 shows t>*j>ica! 
calibration cuwcs. All meae-urements reportetl liere were mad«- 
with a BockmaJi IR2 spectrophotometer, and the n.an\>west ?lii 
widfliR consistent with goo<l photometric repnxlucibllity were 
usoii. Corrections were made for the mismatch of the samph- 
ant' standard cells and for the scattennl light which .amoutited t<>
l.r>% at 15 microns. Since the absorption due to the —CH — 
CH— structure in ct*-4-octene at 14.06 microns is much less than 
that of the trans absorption iit 10.r̂ 4 microns in .'ra»!»-4-octe!i<' 
ortho nnyl absorption at lO.OS micron:'in octene-1. a l.(Vmm. cell 
WHS \istHl for thecisnicasur»'mentji »mi a 0.1-mm. i.'̂ Il fi>r flu* 
anti 1,2 mi'asuromonts.

Polyni»Ts are prepared for aimly«i‘- by dissolving in rarl>oii 
disulti'ih' (4 gramn per 100 ml.), filtering throi^h filter to
rt'move gel, iintl pnv'ijiitating wilii inrthanol. Tho meth.anoi niny 
l«' rcmoviHl eitliiT by drying ti;sdcr hinh vaiMium or oy swolIinK 
in carbon disulfide and drymc under vacuuiiv About 2 gnvnv' 
of the purified polymer are di^'^olvetl in 50 nd. of carlx>n disulfid'' 
anri 0.02 part per hundred of rubber of phenyl-lf-naphthylap.ini- 
(PBNA) adtled as aotioxidation inhibitor.

In  using Hampton’s mettiod for determining th(» v>olrmer !\\- 
s'.rptivities it  is neco-ssary to have polymers eontj^ining o n ly ^
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M Ijirt?!' of 1,4 coiiiiKiiK'Ht, i>r comp<>-
or 1,2 ouinpi'iiriit a Iticli diltor in only this —i.e.,

tiu- inlr:vrr<l slmniil 1h> similiir. l,ow U'mprriitun'
C ). eiiiiil."iii)i! tM>lytiUl.iiliiMii's giMieriilly cimliiiii n large 

iimo’.iiit 'if <niii,<-!,4 iultlilii.li ;i> m:iy bo wen liy the iiitetiNity of 
llii> 10 ;>!-!.ii..Tor. liaiu). Mii;li temiK'niluri' (~UX1'’ ( ‘.) i-iiuil»ioii 
[Xjlylmtaditnes oont;*iii more o.'«-l,l ad'litioM tli.tii low tem|HT!i- 
tun- ixilyiners, luit iinforlu!i:i;<>ly ((oiyluitjidieiieji roiit.-iiiiiiiK 
Ijirtjer amounts of cm-1, t a<ltlilioii than trana-1,4 or 1,2 adililiona 
ivinnol Iv' prvixued in the usual emulsion system and this iutro- 
duee.« some uiuvrt.-iinty in the c»»-l,-J alworptivitios whieli can 
only Ih.' r»xhutHl liy avertj;inn iiuiiiy nwults. I’olyliutadieiies 
containing lar^e amounts of 1,2 addition can Ik3 made u.sint; so­
dium catalysts, but the siX'etra of these polymers always contain 
additional bandd in the long-wave (13 to 15 micron.s) region 
which are not found in the usual emulsion polymer.

K igiire 1. C a lib ru liu ii Catrv€» fo r ci«-4-O clciio

If ntoasurements, uiailo with tlie s.-imu slit wiilths and cell 
lennths as for tiie pure liydrt'carbons a t 10,34, 10.08, and 14.70 
nviiTons, of buoJi  |)oIyiuiTj> are used to determine the polymer 
alv>i>rplivities by Ilampt.m's mi'lluHi it will be found that the 
alworptivities never become constant and that the 1,2 (side vinyl) 
absorptivity continually increases. The absorptivities can b<? 
found using soilium ai'd emulsion polybutadienes in the following; 
mannt-r. Sodium polybutadienes are chosen, the infrared speo- 
vr:v of which only one a<Ulilioual band ncivr IS.R t<> IS.O
microns. The n.i-l,4 meusurenients at 14.70 microns for these 
polyn\er» an! oorn'cted for the additional ab.sor]itinn due to 
the lI5.'.)-mii'ron band by siibtrartinn fronj the absorbance n(. 
U.70 microns the absorbance :ii the trounh in the spectrum b(^ 
tttivn and I t.7 microns multiplied by the factor O.SJi.
Ilow the factor is obt^iincd is describeil under the analysis of 
alkali metal-«'alalyztii polynur.'. It may l)c different for dif­
ferent instnnncnts. With sucli corrections to the m-1,4 al> 
sorl)anceji of soiiium jiolybutadienes the absorptivities will be­
come constaut upon iteration. The polymer absorptivities de- 
ri\-tHl from several of each type of polybufJidiene in the manner 
described above arc giveti in Table I in which Kquivtions 2 are the 
corresponding altsorbalice e^iuations, similar to Equation 1, 
and Equations 2a art> the inversion of them to make macl'ini^ 
cuictilations e.-isier. Ib-re a(5:»iti these aosoriJtivities will vary 
somewhat with diflferent instrumenta.

In deriving the absorj>tivities in this manner a distinction, 
Iwised on the 8(>octr:t nf the polybututlienes, is made Iwtween

ordinary emulsion p()lybula<liencs and sodium culalynnJ pal] 
butadienes. This distinction applies to all alkali nictnl-cat!«iyie 
polybutadienes so far Htudied and makes it necessary to eoiMiif 
the analyses of these various types separatiily.

Emulsion Polybutadienes. The infrared spe(;tra of cniuiso 
polybutadienes are ordinarily comparatively Himplo, and if vi 
additional bands are observed in the 14- to 15-micron rcfii •• . 
the s|H)ctrum, they are generally quite weak. The aniountf • 
ci's-1,4, lranx-1,4, and 1,2 additions in such polymers (sti I. 
determined by making absorbance meusurcMnentfl at l4.Ti 
10.34, and 10.08 microns, under the same (u>nditions as uMsj f( 
findinK the almorptiviticH, and lisinK thii coellicieiitu of T»l>ii- 
Table I! gives the results of thi> analyses of a number nf pob 
4)Utadienes. These are typical of several hundred such uimly* 
In this table the total found value is the amount of ):nlyib 
in solution foutid by the analysis, assiiming one double bond p 
C«IIe unit, divided by the amount of polymer in the soiiittf 
found by det^Tinining the tot»il solids. Kor the most |mri tlj  ̂
values correspond to the (ixpecUwl unsaturations of such pulynn- 
(10), and the results should be reliable to one unit. If tl 
total found value is over 100% tho ri'sults for the nonipositiot 
are oj)en to question and if it api>roacheM 120% they are priih.iK 
worthkws.

Analysis of Alkali Metal-Catalyzed Polybutadienes. .\» iiui 
catcil above, alkali metal polybutadienes differ from the ii*u 
emulsion |)olybutadicno in that additional bands are gciicr.ll 
found in the 13.6- to 15.0-micron region of their spcctrri. 'ni#i 
bands may be considered as being due to additional strurtiu* 
Since, in the analysis of emulsion polybutadienes, only tKr> 
structures are considered the niethod used for the analysis ni>i 
he miKlified for alkali metal polybutjtdieniM.

The mo<llfic.ations used lu're are of two kinds, d<‘|H.-n<li!S|' u|ic 
the polymer spectrum. In analyzing alkali metid-pdlylmtad 
enes, measurements are made at 10.34, lO.OK, and PI.70 raicroi 
(or at the jxMiks of these bands) in th(! usual matuier and the n 
suits calculated usinc l‘’c|Uutions 2 (Table I). If the total foun 
is ov(!r 100% tho spectrum in the 13.5- to I5.0-inicniti rcpon 
e.xamined. When only one additional Strong band is found i 
this region a t about 13.9 microns the factor method is used 
several additional bands are found, particularly u shouldw < 
the M.7-minron bai.d a t about 14.3 microns, the band ciiveki| 
method is used. Tho vali<lity of either of these methods i» thi

T ultle I. PolylM iludicnr IVIolur Al>m>rplivitiea
CoinpoDant 10.34 <i 10.08 m 14.70,
0l<-1.4 0 .8  4 .4  ‘i s
(ront-1,4 101) 3 0 2 4
Term ina l v in y l (1, 2) 7 4 H.*) 1 2

rfu.To “  (l!3ci +  2 .4 c i 4- l  -2i'i) 0. 1
-  (9 .5c i +  109<r. +  7 .4 « )  0.01 ,

d « .«  (4.401 +  3ct (- 145«) 0.01
Cl -  0.04.m3Z)i -  B .fig  X  IO -*D i -  3 .15  X  IO-<Z)i
r .  -  - 3 .7 4 4  X  10 >D, +  9.2(IU X  IO -»O i -  4 .43  X  10 ‘ f t i (In
Cl -  -1 .2 B 6  X  lO 'O i -  I.B 3  X  IO -«O i +  B BIS X  10-*0 i
Di •« dH.Tf/0.1, Dt “  d io.n/O.O I, / i i  -  rfii.H /O  01

T uh le  II . Aiiiilyses o f  KiiiiilHioit l*olyl>iitudiciies
1‘oly-
n>or Toinp., cin- tran»‘ Tm
No. ® C. K«atur« 1.4 1.4 1.2 Fooa

1104 170 27% oonv. 5 min. 0.207 0.570 0.217 1 m
1)88 70 Arniuen 120 0.203 0..'>‘)7 0.201 0 M
2FU 89-! 70 N itrasote 0.205 0.597 0.198 o m
7fi6 50 N itraxoie 0. 102 0.A28 0.189 09«
1049 50 Carbon black 0.188 0.625 0 . 18S O.M

latex
1112 5 8 .8 %  K-oloatR 0.147 0.686 0.167 OKI
1088 5 16% K -o loa le 0.114 0.715 0.171 0 m
1074 - 3 3 0 .15  Sulfole H8 0.069 0.791 0.147 1 1)
401-71 - 3 5 0.042 0.773 0.185 O M
ID " 50 0.IU 2 0.647 0. 161 o «
3 D “ 50 0. nm 0.634 0 170 0 m
3D»“ 50 O.lUO 0.637 0.171 O S

*  ID  and 3L) are same preparations In d iffe rent bottloa. 3 0  umi 9
Mrp tw o atttii|>Io8 from  same polym er.
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PwJj-llilrf

No.

IIPDI
I1PC5iirAi)
n»-2«
TM-Il
7SPC17A10nPCl7A42
TIPC18A 43
WC28

T ertip ., 
» C.
fiO
SO
30
45
4S

30
77
03
88

T ab le  H I. C o m p o sitio u s  o f  A lkali lVIetal~Catalyze<] PoIyl>utadienes
________ c < « - l ,4 ,  %

rifi.
C ata lys t

Un-
corr.
31.8
32.9
33.0
36.0 
27.8
3 1 .0
33.1
34.6  
34.4
3 4.6  
29 .0

Corr.1*
I I . e  A.6 
11.2

14.0
13.1 
8.2

Corr.
2fr

9.8 
7 .4
8.8 
9 .0  
4 .8  
6 .3  
9 .6

8 . 2

Un-
corr.
14.3
12.7
12.7
29.1
33.7
20.2 
16.5 
19.9 
19.1
18.8 
22.8

Corr.1“
20.3
20.3 
18.8

40.7
26.7
24.7

% 1.2. % T o ta l FoudiI, %
Corr. U n. Corr. Corr. U n- Corr. Corr.

2» corr. 1» 3» corr. I * 2»
21.0 53.9 68.1 69.8 119 94.9 92.7
19.4 54.3 74.0 72.9 134 99.7 101
19.fi 54.3 70.0 71,9 122 05.8 93.5
42.4 34.9 48.0 135 100.3
45.4 38.5 4’5.3 49.9 111 93 S 87 5
29.1 48.7 60.2 64.4 117 95.6 99 8
20.6 50.4 67.0 6 6 .a 120 91.7 92 9

45.6 100.0
46.7 100.1
46.6 103.3

20.9 48.2 60,9 115 92 1

'C orrection I .  Dcit »«. ourvn.
* Correction 2 . i) i -  (dn-T — 0 .8 :W n .« )/0 .1 .

It total found should bft about 92% for sodium polybuta- 
iM i UO).
The factor method consists of subtracting from the measured 

tarbftMo Rt 14.70 microns the absorbance a t the trough in 
ki a}«0rban(!0 Rpertrum l>otwocn the 13.9- and 14.7-micron 
ffli nmliipliwl by 0.&<. The factor 0.83 will vary with the 
■kument used and is found as follows: A number of sodium 
djj'btttaUicncs arc. niinlyKcd in tho same manner as omiilsion 
rfjrtMttadlenes. The totiil found values will generally exceed 

and the amounts by which the c*«-l,4 absorbances a t 14.70 
ISQM must be rcduccd to make the "total found” values about 
t% ran be calculated. These amounts are plotted against
V absorbance a t the trough in the spectrum between 13.6 and 
i') microns. A str.iight Hne can be drawn through the points. 
Wwr tliiH curve can ho used for correcting the ctV1,4 abai>rl>- 
W nl 14.70 microns in mibiM^quent ftnalysiCB or the slope of it 
K̂ be UM!<] as a  inulMpIying factor. In these experiments this 
kfi#M0.S3.

If U\e long-wave spectrum of the alkali melal-cat»lyiwi 
polymer is more complicated, as is generally the case with {wtas- 
sium polymers and some sodium poU-mers, the factor m e tl . - x i  
cannot bo used since the additional bands probably repre«'nl 
other fltructures. In theee nvse* succc.<»sful analys«es can .*on»f- 

times be made by drawing in band envelopes of the absorbnnif 
or absorptivity curve of the spectrum. The overlap of the adiii- 
tional bands on the 14.7Q-micron \Hnd is subtractetl fn.>m th«> 
absorbance a t 14.70 microns and the remainder used for the 
ci«-l,4 absorbance in Equations 2. The band envelopes may U’ 

'obtained as described by Wulf and Deming {12). Reasonable 
total found values (about 92%) cannot always be obtnineii 
by this method, and in these cAses it seems likely that there are 
other bands in the spectra which m.nke accurate analyses im jn^  
flib le .

T ab le  IV. C o m p o sitio n  o f  I ly d n ig e n a te d  
I’oly b u ta d ie n e s

a n d  Vlfiii

T o t« l R e i'o rfts l
ei»* tran t' Found. l'n$.-»td.

P o lym er No. 1.4. % 1.4. % J.2. % %
8XS1-88 12.9 70.6 16.6 97.4 97.7
8X51*89 4 .8 79.4 15.8 60.9 60 8
SX51-90 0 S5.4 14.6 32.2 33.5
SX51-91 0 80.5 19.5 J5-9 1 4 .r
3-130S A lfin 9 .8 68.9 21.4 96.0
M X I6 I2  A lfio 11.7 63.2 25.1 104 .1
MS1614 A lfin 11.3 64.2 24.4 101.r
M IT  A»fin n o 70.6 \» -4 9 6 .0

*  H y i ’ h illip s  Pptroleucn Co

T ab le  V. B u ta d le n e -S ty re n e  C opo lym er .\b#o rp tiv ilie»
C*>iiiponent 10.34m 10.98* 14.29. 14.70n

ct>-l,4 9 .5 4 .4 25 23
frnnt-1,4 109 3 .0 2.3 2.4
3.2 7.4 145 1.4 1.2
Styrene 3.1 7 .2 IM 1.1

#
ri(ure2. IxiMK-Wnvc .S|MM;lrii o f  Alkiili M e liiM 'a lii-  

l*olyl)iiliidicneH a n d  H y d ro g en a ted  P o ly b iita -  
<licnc8

Tlie analyses of a nuniber of sodium, sodiuni-potasfium, .‘IikI 
jjotassium catalyzed polybutadienes are given in Table III. The 
cfTeot of the corrections on the analyses is also shown. No 
corrections were employed in the analyses of the three 90 to 10 
flo<lium-potA8sium polybutAdienes l>ecause t-hf* !<pectra contained 
only weak additional bands.

Analysis of H ydrogenated and Alfin Polybutadienes. Figure 2 
shows the long-wave spectra of a  polybutadiene which has been 
hydrogenated to various degrees of unsaturation. As the polymer 
is hydrogenated the intensity of the band at 14.0 microns in­
creases while that of the H.TO-mioron band decreases and finally 
disnpiwars. At the lowest. unsaUiration a i\ew weak band AV'- 
pears a t about 14.8 micron. As might be expected, these poly­
mers can be analyted by the factor nxethod as used for sodium 
j»olybuUiiliottrs. The results of tiu' aiinh'sos of si-vmil hydn*>:i'’i»* 
ateil polybuUidienea are given in Tublo IV. using th f correction 2 
ofT iib le lll,



O m n a / L i t « r
Solii-
t io n

X -S 9 9

X -5 W -2

C - M JC-Ml-I
C ^ 6 1 - 5

Un-
c o rr .*

2.49'J 
2 .4 5 9  
2 -50(5

3'6i5
S .8& 8
4 .2 4 '2
4 .4 4 0

C o r r .1»
2 324 
2 .1 8 4  
2 .1 4 0  
3 .S 6 5  
3 .5 9 0  
3 .4 0 3  
3 .0 9 0  
3 .7 4 5

C o r r ,
2‘

2 .4 7 0  
2 .4 4 »  
2 .4 4 0  
2 .6 6 4  
a .  7 2 0  
3 711 
3 .9 7 3  
3 .7 7 1

T ab le  V I. C o m p o sitio n s  o f  R u ta d ie n e -S ty re n e  P o ly m er S o lu tio n s
_______ B ty w p q ,  O n » p » / L i t e r ________

t r a r u - 1 ,4 .  G r a n u / L i t e r  1 ,2 , G r a in a / L i t e r  __________F o u n d
U n -  C o r r .  C o r r .  U n »  C o r r .  C o r r .  U n -  C o r r .  C o r r

c o r r .*  2 *  o o r r .*  1 > 2 *  o o r r . “ I *  2*

I .t  0 3 2  1 3 .1 1 1  1 3 .1 1 3  3 .4 9 1  2 .5 0 5  
13 100 1 3 .2 1 .;  1 3 .2 1 5  2 .2 5 9  2 .4 5 2  
1 3 .0 0 4  1 3 .2 0 2  1 3 ,2 0 2  2 .2 8 4  2 .5 .1 7  

1 3 .9 8 8  1 2 .9 8 8  . . .  2 .4 6 5
9 3 4 7  9 .4 1 4  9 .4 1 4  2 ,3 0 8  iA f> G  
9  3 0 ')  9 .4 5 4  9 .4 5 4  1 .7 0 0  2 .0 7 U  
M.OUti 9 .2 6 2  9 .2 0 2  1 .8 ; :5  2 .2 0 0  
7 3 5 0  8 .9 1 9  8 .9 1 9  1 .0 1 5  2 .0 9 1

* U n c o r r .  N o  c o r r e c t io n .
* C o r r .  1. C o rr« c t« « i a b s o r p t iv i t i e s .
* C o r r .  3 . C o r r r c M d  a b a o r p i iv i t iM  a n d  B e e r ’s  la w  o o r re c t io o .

2 .6 9 4  
2 .5 0 6  
2 .5 0 8  
2 - 5 0 0  
2 .4 9 3  
2 . U 2  
2 .2 6 6  
2 .0 9 0

0 .4 2 4 1  
1 6 .6 7 1 8  
2 0 .6 .5 6 0  
3 4 .  R.50 

5 .0 0 3 8  
24.87110 
2 0 .0 1 5 0  
3 7 .6 3 7 8

6 .4 4 5  
1 5 .6 8 7  
2 0 .5 7 6
2 4 .6 6 6

5 .0 9 8
2 4 .0 1 1
2 9 .0 4 8
3 7 .5 7 1

6 .2 6 7  
1 3 .5 2 1  
1 8 .1 2 9  
2 3 .2 1 0  

3 .6 3 0  22..3115 
2 7 .4 1 2  
3 0 .0 0 0

S ty r e n e ,  G r a m s / f j t e r

A d d o d

0 ,0 0 0  
8 .2 6 5  

1 2 ..’>84 
1 7 .1 5 4  
il.OOO 

1 8 .5 2 7  
2 3 ,0 2 0  
32 .6 6 (1

U n -
o o r r .*

+ 0 . 9 8 3  
+  1 .6 4 0

+ 1 . 2 8 9  
+  0 .R 3 J  
- 0 , 0 8 5

C o r r .lb

+ 6 !9 7 7  
+  1 .6 4 6  
+  1,057

+ i !28(i 
+ 0 , 0 3 0  
- 0 .0 8 ( 1

C o rr .

- 6 ! 6 o i  
+ 0 ,2 8 8  
- 0  201

fo'ias-0. IHH 
+ 0  C8:j

FoaM
Corr.
2'

0 t«4« 
(I M 33 
0 » 7 tt 0 'MJl 0 <H»i 0 'iVti 
0U 'J«01

U U difficult to obuiiii solutions which are sunioiently ct/U'' 
I'entnit^d gnuua per liter) with most Alfin-ciitjilyzo<l |)oly- 
ImtAclicnea. However, solutions containing about 20 grams per 
iit«r of polymer which can be filtered thrdugh filter paper nmy 
l>o prepared by stirring witli a Waring Blendor. The final solu­
tion can be made as concentrated as may be handled without 
blocking the absorption cells. The analyw  is performed in the 
&ime manner as for emulsion polybutadiencs. The analyses of 
$ome AlGn poiybutadienea are also given in Table IV.

Analyses of B utadiene-Styreae Copolymers. I t is assumed 
that a butadiene-styrene copolymer may be treated as a mixture 
of polj'butadiene and polystyrene. The band a t 14.20 microns 
in the spectra of butadiene-styrene copolymers is used to deter­
mine the styrene content and the necessary additional absorptivi- 
tio« are found by using farbon di«ulfido solutions of pure poly- 
?tyreno in the same manner as for the pure hyilroeiirboiis. 
Figure* 3 shows the calilirntion curve obtmiiiHi; Table V gives 
the absorptivitiw dorivinl from them.

I 'a h le  V II. D u tad ien e -S '.y rc iic  Cup«tlynier AhtMirptivituis
CoDiponeat 10.34^ 10.98m 14.29^ 14.70*1

cw-1.4 9 .5 4 4 20.0 23.0
{rilM«-l,4 10» 3 .0 2,3 2 4
1.2 7 .4 145 1.4 1 2
Styrene 2-0 8 .0 154 5 .5

I’ l -  0 .0 4 A 3 1 D >  -  9 , 5 0  X  1 0 -* D »  -  3 .1 1  X  1 0 '* D .  -  1 .5 8 0  X  10 * /).
C ,  -  - 3 . 7 4 4  X  1 0 -» D i  9 .2 0 9  X  1 0 - ‘ D t -  4 . 5 0  X  1 0 '* D .  -  0  (3)
C l -  - 9 - 7 7  X  10-* I> i -  1 .6 2  X  1 0 - * /) i  +  0 .9 1 0  X  1 0 -« D i  -  3 . 2 2  X  10-'D«
C . -  - 5 . 8 2 0  X  1 0 -> D i -  I . 2 S  X  1 0 '» D ,  -  1 .5 9  X  1 0 -»£> . +  6 . 7 2 0  X  

1 0 -*D .
C l. C l. C \  C l a r e  th e  c o m H -it tr it tiu iu  in  luoliM p e r  l i t e r  o f t h e  c t« * l ,4 , t r a m -  

1 .4 , 1 .2 . a o i i  » t y n ‘U9 i'o " .\|> o iu 'tu a  rv 'a p e c tiv e ly . Z)i c i i i .r t /O .l ,  D i — 
d;«.M 'O .O l, D »  “  < ii< .« /0  O l. D t  -• ( i i t . t* /0  0 1 . T h e  d '»  a r e  a b s u r b a n r v s  o f  
* o l i i t io iu  a t  io ilicat<H i w a x t ' IoiikcIm .

Analyses of several butadiene-styrene copolymers using these 
absorptivities a l w a y s  resulted in total found values of more than 
1 0 0 %  and values for the s t j T e n e  concentrations which apparently 
were sometimea too larg« or too small, judging by the loading and 
refractivs index values for the styrene. To determine the source 
of error, known amounts of polystyrene in carbon disulfide solu­
tions were added to solutions of four different polymers and the 
mixtures anal\'zed using the above absorptivities. Table VI 
gives the results for some solutions of two of the polymers used. 
The difference in the styrene found by analysis and the amount 
!idded x'ariea and the .imount of cis-1,4 addition increases with 
inoreajing styrene. By trial and error the amount by whicli the 
styrene absorptivity a t 14.70 microns must be changed so that 
tlie amount of cia-1,4 addition did not increase with increasing 
stj-rene was found. The corrected absorptivities tlius obtained 
are given in Table VII and the effect of these changes in Table
VI under correction 1. The results for the other two polymers 
ti.<ed were sinular to those of polymer X-599.

With these corrected absorptiviticu tlie amoiints 'jfjCii-!,*, 
<mn8-l,l, and 1,2 additions found decreaaed, in generui, as il.*y 
should with increasing styrene concentration, but the agreemen 
between the styrene added anil the styrene found was not iib> 
proved as Table VI shows (correction 1). The error was fouai 
to arise from the fact that the styrene calibration curve is doi 
actually linear as Figure 3 shows. In the analyses it ia ad̂ uroed 
that it  is. This situation is similar to  that described by lirattais, 
Rasmussen, and Cravath (-4) for C, analyses and was treaJ^I is

.0^
.0 6

.0 5
04
.03
.02
^01
0.0
-X)l
.02
.03
.04
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o.e
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0 .5
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F ig u re  3. S ty reu e  C a lib ra tio n  C urve  a t  14.29 Micniiu
(fro m  P o ly s ty ren e ) a n d  C o rrec tio n  (]urve '

the same way. A styrene correction curvo was nvide by plottiif 
the differenoos in the al)Sorliiuie<'8 for tlu^ actual cuiibralion cum 
and for the straight liJie given by th(; ab.norptivity ut varii« 
concentrations of styrene. Tlii« eorrecLion curve is shows ii 
the upper part of Figure 3. In uho the Htyrene concentrationii 
determined from tlie measurements using lOquatlons .3 (Tilik 
VII). The correction to the absorbance a t 14.29 micronii 
then found from the correction curve and the styrene cono» 
tration calculated using this new />«. A second value forir.



m ^tration  of BtjTp.ne is r»l>- 
which then iiBcd t,o do- 

Mlbc a now Di. This proc-
•  ia r t 'p cak K l u n t i l  tV»wp ivro
• changea in the 
meted ftiisorbftnco. This 
irected valuo for E>t is tlinn 
■d in dc(>crTnininK the non- 
Mntioni of tho other ooiri'
MOta.
Thfc eff<H5la of Uoth of thoao ____________ ___________
metioat arc shown under 
mrUon 2 of 1’ahlo VI. Not
iy 18 tyio jigrcement hetwoen tlie *tyrene added and styrene 
nd very satisfactory but the total found values are in the 
ifB to be oxpectod based on the unsaturation of the sAmplcs. 
Me VIII gives additional analyses of butadiene-iitjTone co- 
jroefs-
ô satisfactory method of analyaiog alkali motal-cataly*ed 

adiene*atyre>io co|x>iyniers has bc^n developed because of 
complications intrmluccd hy the 13.0- and 14.3-micron Wands. 
t method uaod for such iwlyhutadienes cannot bo used since 
atyrono band apjxiars jit. about the trough in the spcctruni of 
fbtttjutience and, of courac, thefte bands would make the ap- 
mt styrene absorption a t 14.29 i.iicrons too largo. If the 
tno worn determinnd independently, by refractivo index for 
nple, the huljullone part of tlie copolymer could probably bo 
lyaed for the iran«*l,4, and 1,2 additions. I t  is not
tin, however, that the same refractive index w«. loading 
’f!s wliich an: uh<v1 in the refrafitivc index method for emulsion 
raoFR can vj«p.d for nlkiiU molivl-calalysed polyinrtra.

1
^  IH SC U SS IO N

<•1,4 Deterininations. Two questions arise regarding the use 
14.7-mienm band for the r/'«-l,4 determinations. The 

is wheUio.v il ir RhanvflCTiRtic. of ct«-l,4 addition in jMvly- 
dietii' «inec thi.'i is etwential for a fluccessful analytical pro- 
re. I t  is not abaoluloly ncfcsuury that the band correlate 
tlie ciB structure because, as an examination
e siK>ctra of cia and trana olefins will show, there are difTcr- 
' in the rtpcctra in addition to the bands du3 to eis and Irans 
l*=Cnili BtrurtJxres. If the 14.70-microa band were not 
ifitnruitio of ad<li'i<vn in polybutadiene, it seems uu-
' that the totjil found values obtained in the analyses reported 
or in the analyjies of a wide variety of polybutadienes and 
li«»®-iityrene copolymRTR roj>orted by Binder (5) would agree 
1̂ with tho known or expected unsaturations. Moreover 

eeults rcportfHl by Foster and Binder (6) for the analyses 
rariety of diene copolymers would not have been obtained 
'ould the resultfl with the hydrogenated polybutadienea. 
e other qtiestion is whetiier tho 14.7(>»micr«)n band may be 
aled with the eit >CII=C1T< structure in polybutadieues. 
;>(*ara probahlo tha t auo.h an asmgnment is valid for several 
M. It would be expected in hydrogenating an unsaturated 
•carbon eont-aining both cis and trans isomers tha t the cis 
r would liydrogcnate first. Tho spectra of the hydrogen- 
polybutiidicnea (Figure 2) show that the intensity of the 
lifcron band decreases to zero as the hydrogenation pro- 

(^•omplctf! Rj>ectra of similar polybutadienes have boon 
^  by Jones, Moborly, and Reynolds (9) which arc similar. 
> long-wave region, to Ihojw reported here. Tho differ- 
due to some being spectra of solutions and the others of 

he coimidered enpeeially in the 13.0-micron region for 
•uhHtances. AJilors, Hrett, and McTaggart (I)  have re- 
. ̂ ported tho spectra of a series of cis and trans isomers of 

fatty acids and concludc tha t the cii 5C H = C IK  
in the spectni of l.lirse cotnpoim<lfl appears a t 14.8 microns. 
»f the 14.7-?nicron band for the determination of c«-l,4

I ' l tb lo  V l i r .  A n a l y s e s  o f  E m u l s i o n  B u t a d i e n e ^ S t 'T e n e  C o p o ly m e r ®

T e n ^ ., % ( r a n i - 1 ,4 ,  % 1,2, % Stjnreo*,
%

T o u l
P o t ta d .

%L o a d ro ly in e r  B u U d ie n a P o b ’m e r  B u t« d ie o e P o ly m e r B u ta d i^ o e

- 2 9 70/30 h . \ 0 .0 Mk.S 7 9 .f i t o , 12 la .T ’5 .  S 101 .P
- 1 8 7 0 /3 0 8 . 0 10.6 5 7 .6 7 6 ,1 1 0 .0 1 3 ,2 2 4 .3 9 8 .9S 7 5 /2 5 8 . 5 I I . 0 5 7 .3 7 3 .6 i i . r I S . I 2 2 .5 9 7 . 0

5 7 0 /3 0 10 3 13..5 5 3 .7 7 0 .4 12 2 16 n 2 3 .8 9 S  $
.SO 7 0 /3 0 13.4 1 7 .9 4 R .7 6 4 ,9 1 2 ,9 1 7 .2 25 0 1 0 1 .5
5 0 7 5 /2 6 U . l 1 7 .9 5 1 .2 6 4 ,9 13 B 1 7 .2 21.1 9 9 . 1

100 70/ao 1 5 .0 22 .7 .SP-3 .'59,4 1 1 9 1 8 .0 3 3 .8 9 7  I
lOO 7 e /2 4 ig .9 24 .5 •47 .6 . ^ . 7 1 3 . ft 1 6 . \ 8 . 9 91 P
lAO 7 6 /2 4 1 7 ,1 21..5 4 8 .1 6 0 ,4 1 4 . '. IS . 2 2 0 ,.1 9 6  4

addition iti |>olyl>utadieiie{> or butadieue-styreiit copolynHr« 
makes it possible to deterniino the three tv-ves of addition, tho 
sum of which, in c>uitable unit«, should equal the un»tturatio!i <>f 
the rM)lymer. Since fwJybutadieiies differ in !*tnic(ure in oth* r 
reapeot* than the an\o«nt# of tbv three typos of double U’v.d 
structures, the to(al found value i5 the only criterion of the 
lidity of an analj’si?. Tho unsaturalion of the poKTiier may iu>t 
be as large as 98%, so that if the total found value is o%'er 
additional band.«, particularly in »he long-wave region, will un­
doubtedly be found in tiie These band^ T\-ill be found
only when the sample thirknoj« and other conditions are such 
that the I-l.7-micron band apin'ar.*!. .\ consequence of the vary­
ing iinualuration is that nonnaliiing the re^ults to 100% 15 rcver 
justified. A further conse<|Uen<‘e of the varjing unsaturatmn »:* 
that analyses of jiolybutadieuep nxade by finding the 
addition by difference may be ernuieou?. When this i? done il 
jissunioil tliat the unsaturation, total found, is 100% which it 
never is. The effect of the s-iVl.4 absoTption on the 
and 1.2 •alworptions a t 10..'U au«i lO.DS microns, resjHvtivfly. 
nmst be neglected. If the amount of cj''*-!.-! addition i:* larce this 
cfTect is appreciable.

Alkali Metal-Catalyied Polybutadienes. As the fpoctra of 
Figure 2 show, the etrueturee of alkali metjU-catAlyitsl j>oly. 
butadienes nmst differ in more resf)ectfl than the amou!H.< of 
rf«-l,4, <ran«-l,4, and 1,2 additions. In developing this meihcyl, 
using the 14.7-micron band for the determinations, it
was soon found that the sodium poiybutadienes were the e;in«e 
of the c > 8 - 1 ,4  absorptivities continually decreasing and the \,2 
alisorptivities increasing in the iteration process. I t was found, 
etnpirically, tha t if the 1.2 absori)tivity »t 14.7 microns were 
increased to  10, constant values of the major cis-1,4 and 1.2 
absorptivities wore obtained and that the total found value5 of 
analyses of sodium poljTners amounted to about 92% and of 
emulsion i>olybuladienes to about JW%. Thes*e result? with 
about a dozen poKTners may have been fortuitous. It was 
desirable to eUminate the empirical approach.

The now bands in the SF>ectra of sodium or po*a.<sium poly- 
Uutadiencs arise from new stnicturos which apparently are not 
present in the usual emulsion jwlyhutadienc!*- If the*«e structuns 
jire rcgardt*d a.̂  impurities or additional comf>onent« and if they 
rcn'inined the san^e in kind and l>e identified, it  would bo 
feasible to take account of tlieir effect by a method similar to 
that described by Tunnicliff, lla^umsscn, and Morse (/ /> for 
iiltraviolet anal)T>c«. These conditions do not pT%vail »i\d son\t 
methotl of taking account of the effects of these additional bands, 
based on the sjx'ctrum of the jwlymer, was sought.

The spectra of the sodium polyl>ut*diejies used in obtaining 
t he ah.'‘or(>tivities had only one additional band a t 13.9 microns. 
I t  was fotmd that if the absorbance a t 14.0 microns was sub­
tracted from the absorbance a t 14.7 microns and the difference 
(on jjnit cell length) tjsed as in the abjiorptivity equations, 
constant values of the absor|>tivities were obtained and satisfac­
tory total found value* in an.ilj’-̂ es, It was then found, in 
yscB of other sodium aiu'^uut by which the
total found exceeded 02% varied with the intensify ni the 
13.0-micron band; the more intet>st‘ this kind w.«».v the greater the



iliftoreiice. This varw'ion was not linear with respect to the peak 
of the IS.d-niicroii band but it was with respect to thcab* 

M)r;.ance a t the trough in the absorbance curve of tlie apectruiu. 
Tiii.< led to tlie factor method dt-iscribed. Thus the correction to 

^lisorption is relsttxi to the spectrum of the polymer.
I’lobably tlie actual al)eorbancc subtracted from the 14.7- 

nticron abMrbanoe of sodium }>olybutadienefl would not matter 
^  long ad it was related to the intensity of the 13.9-micron 

b a n d  and provided the jwlymer ubsorptivitiea became con.statit. 
I  A ditTorcnt value of the multiplying factor would bo obtained 

on analyzing soiiiuni tx>lybutadiencs. This could then be used 
to i-orroct the 14.7-micron ab.Horbance, used in obtaining the 
IKilymor absorptivities nnd the process repeated until there was 
no change. On the basis of the experience of analyzing many 
sodium iwlybutadienes the method described in the exijerimental 
part should eliminnte mauy of these steps.

When more than one additional band appears in the long-wave 
s|Hvirun\ of the polymer, the factor nteihod is inapplicnlile and 
Other methods must be used. In some cases, particularly with 
(Mt̂ L'iî ium {Kilybutadienes, in the spectra of which two additional 
band:! are generally found a t  13.0 and 14.2 to 14.3 microns, band 
t*nvi'lo}>es can be drawn for the various bands and tlie overlap 
subtracted from the measured absorbance a t 14.7 microns. This 
is time consuming but leads to satisfactory results, as a  rule, if 
all of the bands can be resolved. If more bands appear in the 
{H l̂ymer sj)ectra, as often happens when promotors such as 
dinu*lhoxyt«'iraglyoo! are u.-«e\l, the s|>ectra become so complicated 
with new bands throughout the IW to 15-niicron region tha t satis- 
LHctory analyses cannot l>e made with either of these methods.

The 13.9-micron band is probably due to

—C H ,, C H ,. C H ,. CH ,. CH,—

» fc'rou/xf and it .■»een).«! likely that thi? is the origin of the 
14,l>-micron band in the hydrogenated polybutadiene a[wctra 
despite the fact that this represents a considerable shift. How- 
vvcr. it is observed tha t the 10.34-and 10.9^microu bands shift 
sUlshtly depending upon the preparation of the polymer. In 
buUuiiono-styri'ne poj»lyn»cr siKX'tra it has l)oen found that par- 
ticul.'irly the IO.l)S-mioron band shifts to longer wave lengths as 
iho styn'ne t\)ntent is int'n‘H!*tti. I t  is always neco.ssary to 
lui^isure the alvi>orb.*uu«s at the peaks of the bands.

A  Butadiene-StjTene Copolymers. I t  is not known why the 
j :«lyrono alwuirptivily at 14.70 mi*’rona metisured with polystyrene
4  sohttions proved too sm;dl when used iu the analyses of poly- 

butadiene-polystyrene mixtures. I t seems unlikely tha t it  is 
due to e.xperimeutal error since the same solutions were used io 
determining the other absorptivities. I t  has been found essen­
tial that, if tlie st>’rene an.ilj. sis reported here is to chock values 
obtaineil by ri'fractive index, the polymer must be purified by 
tho method desrritHsl by the Bureau of Standards. With care 
tlie spwtrosc»ipic mothiHl will give results which agree with 
refractive i'ldex values \vithin 1% over the range of 10 to 80% 
styrene content-^.

The aljsorptivities and txirnvtion factors used here would not 
ueces.<arily apply to another instrument. They tJiould be de­
termined for each instrument used.

Probably it would l>e more convenient to use more dilute solu­
tions and 0-2-mni. and 2-nnn. cells in these analyses because 0.1- 
mm. cells plug uj) very easily even with polymer solutions fil­
tered through filter paper. W'hon this happens nothing can gen­
erally be done except repuUsh the cell windows.

In view of variations observed iu {lolymer spectra, it is thought 
that it would be advantageous to calibrate so tha t the base line 
method described by WTiite et a/. (8) could be used as well as that 
described here.

C O N C L U S IO N S

The microstructures, specifically the amounta of C«Hs units 
containing cis !iC H = C H i, irons X )H =C H C , and CH*=

C II —  d o u b le  b o n d s , o f  a  la rg e  n u m b er  o f  em u ls io n  polybutadl> 
o n es h a v e  b e e n  d e te r m in e d  d irectlly  b y  m o is u r in g  th e  in ten ittiii 
o f  b a n d s  a t  14 .7 0 , 10 .3 4 , a n d  10 .98  m icro n s, r esp ec tiv e ly  
u n sa tu r a t io n s  o f  th e  p o ly m e r s  fo u n d  b y  th e  a n a ly s e s  agree n i ' b (In  
u n sa tu r a t io n s  d e te r m in e d  c h e m ic n lly  for  Nuch pulyinurs.

Pol^'nierizationK  w ith  a lk a li m eta l catiL lysts c im n ge  the micr»' 
s tr u c tu r e s  o f  p o ly b u ta d ie n e s  d e p e n d in g  u|>on th e  cata lyst  
m e th o d  o f  u s e . I f  t h e  c h a n g e s  in  th e  p o ly m e r  structure a it  
re la te d  o n ly  to  th e  a p p o a ia n c o  o f  a  b a n d  u t 13.0 iijicroni*, i* 
in  o r d in a r y  s o d iu m  polybulud loiutH , or  tw o  ra th er  w eak b a n ^  
a t  i: ) .9  a n d  14 .3  m icr o n s , a s  in  s o d iu n i-p o ta ss iu in  a n d  potattMM| 
p o ly b u ta d ie n e s ,  th e  a m o u n ts  o f  th e  c ts -1 ,4 , lra n 9 -) ,4 ,  and I j  
a d d it io n s  c a n  b e  d ete rm in i'd  b y  m a k in g  suital>li> correctinnx loi 
th e s e  b a n d s.

T h e  s ty r e n e  c o n te n t  o f  em u ls io n  b u ta d ie n e -s ty r e n c  copuljirvefi 
ca n  bo d e te r m in e d  s p e c tr o s c o p ic a lly  o v e r  a  w id e  rangi? of 
c e ’itr a t io n s  w ith  a n  a c c u r a c y  a p p ro a c h in g  th a t  o f  th e  refruct-vi 
in d ex  m e th o d  l iy  m o iisu r in g  th o  in t e n s it y  o f  t l ie  14.2I}>iiiicroB 
b a n d . K u su lls  b y  th e  tw o  ntuthod't can  Ix: tn iu le  to  agrrn* withtfi 

1%.
T h e  a m o u n ts  o f  cm -1 ,4 , lra n s‘ 1,4, a n d  1 ,2  a d d it io n s  in cmulsioc 

b u ia d le n c -s ty r e n e  co]>oIym ers ca n  b e  deterin inctd  d irec tly  usii^ 
th e  s a m e  m e th o d  a s  fo r  p o ly b u ta d ie n e s  b u t  ta k in g  in to  accouni 
th e  a b so r p tio n  d u e  to  p o ly s ty r e n e .

A lk a li m e ta l - c a t a ly z e d  b u ta d ie n o -s ty r e n e  coiwlyniL-rs a k  
h a v e  a d d it io n a l b a n d s  in  th e ir  s p e c tr a  w h ic h  a ffec t  th e  st>Ten 
a b s o r p tio n  a t  1 4 .2 0  m icro n s . N o  m o tlio d  h a s  y e t  been  devl«ed 
to  ta k e  a c c o u n t  o f  th e s e  n d ects .

A lfu i p o ly b u ta d ie n e s  ca n  b e  a n a ly z e d  for l.he amoiintH d  
c ts -1 ,4 , tr a n s-1 ,4 , a n d  1 ,2  a d d it io n s  b y  th e  m e th o d  used foi 
em u ls io n  p o ly b u ta d ie n e s .

T h e  m e th o d  u s e d  for  a n a ly z in g  so d iu m  p o ly b u ta d ien es  c u  
b e  a p p lie d  to  th e  a n a ly s e s  o f  p o ly b u ta d ie n e s ,  w h irh  have bees 
h y d r o g e n a te d  to  v a r io u s  d eg ree s  o f  u n sa tu ra t io n .
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