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FOREWORD

This report was prepared by the Polymer Branch of the Nonmetallic

Materials Division. The work was initiated under Project 7342, "Fundamental

Research on Macromolecular Materials and Lubrication Phenomena," Task

No. 734203, "Fundamental Principles Determining the Behavior of Macro-

molecules." The work was administered under the direction of the Air Force

Materials Laboratory, Air Force Systems Command, Wright-Patterson Air

Force Base, Chio, with Dr. M. T. Gehatia acting as project scientist.

The report covers research conducted from January 1968 to April 1969.

The manuscript was released by the author in May 1969 for publication as a

technical report.

This technical report has been reviewed and is approved.

WILLIAM E. GIBBS
Chief, Polymer Branch
Nonmetallic Materials Division
Air Force Materials Laboratory
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ABSTRACT

As part of a series of investigations of the fundamental properties of

certain aromatic-heterocyclic polymers, a study has been done on the equi-

librium sedimentation of samples of poly (2,2'-m-phenylene-5,5'-bibenzlmi-

dazole) in dimethylacetamide. Although these samples were obtained by fractional

precipitation techniques from a whole polymer, it was found that their behavior

was best described by assuming some samples to be composed of at least two

major sub-fractions. In addition, this analysis required that each sub-fraction

have a relatively strong interaction with itself and other sub-fractions. Because

each sample consisted of a small number of major fractions a method was

developed based upon considerations from pauci-disperse systems to charac-

terize molecular weights and polymer-polymer interaction terms. This report

details the development of this method. The concentration of these samples Is

represented by:

N 1
c u : gn exp hn w x-Rnkc + (Rnk- R nn )c n1

n1=1

where c Is concentration; x = square of the distance from the center of rotation;

hn a constant proportional to molecular weight of fraction n; Rnk, Rnn are

Interaction coefficients and w is the angular velocity.

The distribution of this Abstract is unlimited.
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SECTION I

INTRODUCTION

Aromatic-heterocyclic polymers are a class of interesting materials that

are currently being developed due to their resistance to high temperature.

Relatively little has been done toward determining many of the fundamental

parameters that govern the physical behavior of these chains. This report

covers one phase of an investigation of the dilute solution properties of one of the

earlier, high molecular weight aromatic-heterocycles, poly (2,2'-m-phenylene-

5,5'-bibenzimidazole) (PBI), dissolved in a good solvent dimethylacetamide

(DMAC). Specifically this report concerns equilibrium sedimentation measure-

ments on samples of this polymer in an effort to define molecular weight, and

polymer-polymer interaction parameters.

Preliminary measurements on these samples suggested that each sample

consists of a relatively small number of rather discrete molecular weight

ranges. In addition, it was suspected that relatively strong interactions could

exist between various species. Therefore, early consideration was given to

describing this situation by applying a method developed from study of pauct-

disperse systems.

This is discussed in the next section.
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SECTION II

THEORY

A MONODISPERSE SYSTEM WITH INTERACTION

Consider a monodisperse polymer with significant concentration dependence.
If higher than first order terms can be neglected, the concentration achieved in

equilibrium-sedimentation can be expressed by the following equation:

c = ge hw 2c- Rc (I)

The relationship expressed by Equation 1 and especially the interaction param-

eter R were discussed by Fujita (Reference 1), Casassa (Reference 2), Gehatia

and Wiff (Reference 3), and others.

By differentiating Equation 1 with respect to x one obtains:

dc c R -C (2)
dx dx) c

which leads to the following working formulas:

C-1 dc u2 d-' = - R d (3)

dx dx

C1= hwo2 (C )- I -R (4)

A lo o - 1ido dc
plotofc ivs. a, according to Equation 3, should give a straight line with

a slope equal to (-R). Similarly, accordingto Equation 4, a plot of c - 1 vs.( d-1

gives a slope equal to hw2 , which is a quantity proportional to the molecular

weight (References 3 and 4).

By knowing h 2 and R one can evaluate the constant g from Equation 1 and

thereby fully characterize the system under consideration.

2
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SYSTEM OF TWO DISTINCT INTERACTING FRACTIONS

ConMp4der a solution of polymer comprised of two interacting fractions (1 and

2). The concentration can be expressed as:

c = c1 + C2  (5)

where:
2

c= g, ehiw 2 - R 1, 1c1 - R 1, 2 C 2  (6)

and: 2C2 g 2 e h2w 2 x - R 2,1c - R 2 , 2 c 2  (7)

It has been assumed that in a certain region (m - x -x*) the fraction 1 prevails,

e.g., that c1 - c and c2 << c1 . Since c1 = c-c 2 the exponent in Equation 6 can

be modified:

-R,,c- R 1 ,2 c 2  R -R 1, c -(R ,2- R1,1) c 2  (8)

and Equation 5 can be approximated by the formula:

c ge h1w2 x - R,,,c [ I-(R,,2- R1 ,)c 2 ] + C2  (9)

Denote:
2

g,eh1W 2-R1,1c = G( (10)

and:
R1,2 - R, = Km (1)

Equation 9 will now lead to the following expression for c2:

c - (12)
I- KmGt

The approximation is justified if the quantity KmC2 << 1, e.g., if, for a

certain x> x*, c2 is not negligible in comparison to be c, but is still small

enough to make the following transformation valid:

e - K m c - : - KmC 2  (13)

3
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For a known value of Km one can evaluate the c2 curve in a region in which

Kmc 2 < 1. According to Fujita (Reference 1),

R 1 , 2  M f 1,2 (14)

and:

R2,1 M 2 f 2,1 (15)

where f 1 2 and f2 1 are the cross coefficients of interaction and:

f 1, 2 = f2,1 (16)

Using this assumption of a symmetric interaction one obtains:

M 2 R h2W 217

R 2,1 R,, 2 (- -) = 1 2 (R(l ) (17)

By inserting this expression for R2,1 into Equation 7 one obtains the following

formula:

?W2 ?W2
In c In g 2 - . j R c + -R c (18)

a -- 1,2 h1 w 12 2,22

Equation 18 is an expression for c2 with three unknown parameters; lng2 ,

(h1 a 2 /h 2 W 2 ) 12 = a, and N% 6)2jj 2) Rl 2 -R2 ,2 1 = b

For a large number of c values one can determine the parameters in

Equation 18 as well as the total error of the system. In this calculation a

measure of the error was taken as:

A2 8 (19)m i m,i ,

where:

am,i= in (C2)m,i- In(92)m+ am(C)i+ bm(C2)mi (20)

One must remember that such a treatment was originally suggested for

the case when Km Is a known quantity. In a real case such a value is not known,

a priori. However, the following procedure can be applied. A set of values can

be assumed for Km and accordingly A 2 canbe evaluated. The "best fit," e.g.,

m

4
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the minimum of a plot A 2m vs. Km, gives an acceptable value for Km. In such

a case the values of Km as well as other parameters, are determined. These

parameters finally lead to evaluation of the following constants: M1 , M2 , g1 '

g2 ' R1,1' R1 ,2 R2 ,1, and R2 ,2 , which fully describe the system comprised of

two interacting fractions (Figures 16 and 17).

The search for appropriate Km values can be accomplished by use of a

high speed computer. In case of a few fractions one can find more than one

distinct Km value, i.e., { Kmj; with the corresponding set Mn , gn' Rin' Rnit

and Rnn. If there are too many fractions in the system Kn, n values cannot be

distinguished by searching, and "noise" is created.

In case of two fractions, and If allparameters of the transcendental equation,

Equation 7, are known, c2 can be precisely evaluated for all values of x without

need of an approximation.

5
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SE CTION III

EXPERIMENTAL

Bulk PBI was dissolved in DMAC and fractionated with hexane. The fractions

were purified in the following manner. Each sample was redissolved in DMAC,

precipitated and washed with methyl ethyl ketone (MEK), filtered and washed

again with MEK. The process of washing was continued; however, MEK was

replaced by mixtures of MEK-MEOH with successively decreasing amounts of

MEK. The polymer was further washed with pure methanol and replaced by

mixtures of MEOH-ether with successively decreasing amounts of MEOH.

Finally, the remaining polymer was washed with ether and dried under vaccum

(this method of purification and fractionation was suggested by T. E. Helminiak).

A set of sedimentation equilibrium experiments was carried out with four
samples of PBI in DMAC at 400C. An aluminum, 12mm, 48, single sector cell

containing the solution and another similar cell with DMAC were inserted

into a J-rotor. The resulting Schlieren curves appeared, therefore, with a

base line in addition to the sedimentation curve (Figures 2-8).

Each sample was measured at different rotor speeds. It required about
14-17 days to achieve the first equilibrium. If the speed was decreased the next

equilibrium could be achieved within 7-10 days. However, it took only a few

days to achieve equilibrium when the speed was increased rather than decreased.

This surprising behavior, which contradicts theoretical considerations and ex-

pectations, has not yet been explained. In several cases no equilibrium was

achieved as the speed was lowered and the Schlieren curve dissipated.

dc
The quantity d has been determined from auxiliary velocity runs carried

out with a synthetic boundary cell.

Finally the plates were enlarged and the coordinates ! and A r were
dr

measured.

6
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SECTION IV

COMPUTATION

The experimental data was analyzed by applying Equations 3 and 4.

(Figures 2-16 and Tables I-XI). As one can readily see no linear plots have been

obtained. Therefore, the samples under consideration are not homogenous. On

the other hand, one can also observe that these plots clearly show a straight

line In a zone close to the meniscus (m S x ! x*, where x* is a special value

different for each sample and speed). Only sample three led to a straight line

over all values of x.

Such a peculiarity of the plot can be explained by assuming the existence

of a distinct low molecular weight fraction. This, as well as other considerations,

suggests that there exists a very pauci-disperse system, i.e., that each sample

Is comprised of a few fractions (as a matter of fact, 2, 3, or 4 fractions). In

addition, the low molecular weight fraction is very distinct in a certain zone

near the meniscus, ' c1 and c n1 << c1"

The results of applying a method based upon these considerations to the

four samples is summarized in Table XIL An equilibrium sedimentation ex-

periment was made at each speed indicated. The first fraction parameters

(91 * M1 , and R11,) were evaluated by the procedure outlined above. The other

parameters (i' Mm' Rmm, and Rim) were determined by finding minima as

indicated in Figure 22. All minima corresponding to fractions within a sample

are indicated in Table XII.

7
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SECTION V

DISCUSSION OF RESULTS

The computation just described cannot be considered as completed. In the

case of four fractions:

n  gn exp ( hno -Rn 1 -- Rn2 c2- RnC 3- Rn ) (21)

each curve can be evaluated within a zone, where Kmcm <<1, and the corre-

sponding parameters can be determined within such a zone.

However, an assumption has been made, according to Fujita (Reference 1),

that:

Rnk - Rkn (22)
Mn Mk

which is not readily apparent (Reference 2). Without using the relationship de-

scribed in Equation 22, the cross-coefficients Rim (k #1) cannot be easily

evaluated.

The parameters h1w 2 and R1,1 were determined from the linear portion

of original plots. However, such an evaluation may introduce a numerical error

which exceeds the tolerances required by the Km,n I A analysis. Therefore,2 m,n
a variance in the values of h1 ai and R1,l has to be taken into account to
better fit the system.

Finally, the analysis has been performed by comparing the lowest fraction

of a given sample with the other fractions in the sample. The results of applying

this analysis to four samples is given in Table XIL Samples 1, 2, and 4 show

that they are composed of about four sub-fractions. These sub-fractions have

molecular weights of approximately 1,500; 30,000; 60,000; and 120,000. One

sample, namely number 3, appears to have a very narrow distribution. Its

weight average molecular weight Is about 4,500.

8
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B is also significant that the diagonal elements (Rmm) of the "interaction"

matrix were all found to be negative. Only values for Rlm are given in Table XIJ,

since no proper method was applied to determine the off-diagonal elements Rnk

for n *1.

It has been suggested that some of the molecular weights indicated

(Table XII) by this experimental analysis are higher than would be expected

from condensation polymerization. Therefore, further investigations must be

initiated for better examination of the system. Also, additional work will be

required to more fully evaluate the validity of this method and to make neces-

sary modifications to include in the calculation of all Rnk parameters.

9
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SECTION VI

COMPUTER PROGRAM

COMPUTER SYMBOL IDENTIFICATION

Following is a list of symbols used in the computer program. Where pos-

sible the symbols are identified with the previously derived theory. One must

remember that the computer program was written only for the case of two

major distinct molecular weight components.

RECORD - Used as "flag" for subroutine calling order.

PNAME1 and PNAME2 - Identification of experiment.

NMAX - Number of data points read into machine.

CO - Initial concentration of experimental solution.

Ri - First radial value. The distance from the center of rotation in the
meniscus.

DLR - Incremented value for radial distances. Radial distance to the
bottom of cell is given by R1 + (NMAX-1)*DLR.

R(I) - Array of radial values

X(I) - Array R(1)**2

CR(1) - Array containing experimentally measured ordinates from
Schlteren Curves. Once these are read they are multiplied by

SCALE to obtain the true dc/dr values.

CX(I) - Array (1/2r) 'dC/dr)
K

C(I) - Array of concentrations obtained from f L dx = c - cm. Then
b m

use is made of the equation f cdx = c°(b-m) to calculate cm, the
m

concentration at the meniscus.

ZLC(I) - Array in (C(I))

CXOVX(I) - Array (dc/dx)/C

XCX(I) - Array (dc/dx) 1

10
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XC(1) - Array (C " )

NMAX1 - First point at which c2 is small but must be considered.

NMAX2 - Highest point at which c2 is small but not zero.

DLK - Rl, 1 + R, 2

DKMAX - Maximum value of DLK.

XDLK - Increment value for DLK.

G() - Array {glehlw2x - Rllc }
Hl0MSQ - hl w 2

Rl - g,

Y(IJ) - Array containing three consecutive sets of values (three
successive DLK values) for YN(I).

YN(1) - (C(l) - G(I))/(l-DLK*G(I))

U(1) - Array (X - (R12 /h 1 w 2 )*c)

IY(I,J) - Array containing the values of NMAX1 and NMAX2 corre-
sponding to the array Y(I,J).

Z (I) - Array In C2 ()

R22 - R2, 2

R12 - R1 2 = DLK- .1

G2 - g2

H20MSQ - h2w 2

XLNG2 - In (g2 )

XN - Number of data points sampled (NMAX2-NMAX1 + 1)

NMAX2

XN - I inc 2  -Ing 2 + h w2(x2 c(x.)i =NMAX1 I o

+ R 1,2 R2 (+ - z -R 2 2 c2 (x.) 1
h I W 2J 2

The flow of computer data is shown in Figure 1.

11
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COMPUTER PRINTOUT

$IBFTC MAINF DECK
COMMON XCXCNMAX

C DIMENSIONS FOR COMMON
DIMENSION X(100)9,CX(100),C(100)
DATA P1 ,P2 ,P3/6HPART 19,6HENDRUN96H
DATA P4/6HPART 21

1 READ(59101) RECORDqPNAME1,PNAME2
101 FOqMAT(A6,4X,2A6)

IF(RECORD - P1) 2,1092
2 IF(RECORD - P2) 3,89,3
3 IF(RECORD - P4) 4,jJ.,4
4 IF(RECORD - P3) 9991,999

10 WRITE(6,1000)
1000 FORMAT(1H1/lHA)

WRITE(6,2000) PNAME1,PNAME2
2000 FORMAT(1H ,50X925HIDENTIFICATION NUNbER IS 92A6)

CALL FRCINT
WRITE (69,1001)

1001 FORMAT(1HA/1HA)
GO TO 1

11 WRITE(691000)
WRITE(692000) PNAME1,PNAME2
CALL CTWO
WRITE (691001)
GO TO 1

99 WRTTE(6,3000) RECORD
3000 FORMAT(1H 93.6HWHAT DO WE DO WITH THE CARD LABELED 9A6)

GO TO 1
89 WRITEC 6,1000)

WRITE(697000)
7000 FORMAT(8(11H END OF RUN,3X)/1Hi)

STOP
E*ND
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COMPUTER PRINTOUT (CONT)

slBFTC FRCIN DECK
SUBROUTINE FRCINT
CO-'AMON XqCX,CNMAX
DI1MENS IONS 'OR COMMON
D-IHLNSIUN X'(lOO)qCX(.iOO) C~iOO)
DIMLENSION CRC1OO)9,RCiOO),ZLkA1OO),CXUVL(iC±O),X((±~((00)CO)
READ(5,1O1) N.MAX,-CUSCALL.,HI DLR

101 FORMAT( 13,1P2E11.4,OPF1O.5,OPF1O.6)
200 FOPMAT(tA6)

QRAD(5,102) (CR(I)qI = 19NMAX)
102 FORNIATC16F5,0)

DO 1 1 = 1,NMAX
RCI) =Ri + FLOAT(I-i)*DLR
X(I) =RCI)** ,

CR (I SC-ALE*c-R~
CXCI) = C /C.iI)

1 CONTINUE
A = 0.

COEF = Oo

r'% ( 2 1 = 1 9N1 A AX

TF(I.FO.1) GO TO 2
DLX =X(I) - XCI-1)
AVGCX ( CX(I)+CXCI-1))/2.
COEF =COEF + DLX*AVGCX
AC =(COEF + CCI-1))/2.
A A + iLX*AC

2 CCI) =COEF

DIFtiA XCNMAX) - XC1)
Cm = CDIF3fM*CO - A)/DIFBM
IqPITEC6920OO) CODI FbMCM.

20C0 FOR!MATC1H t33HTHE CONCENTRATION FOR THIS RUN = El1.4/43H DIFFEREN
iCE B-TWN SOS OF BTM AND MENISCUS ,E15.8/21H CONC. AT MENIbCUS 9

D C 3 1 = 1 9.N!A.AX
CCI) =CCI) + C-m
ZLC (I = 0.
IF(CC).LE.O.) GO TO 3
ZLCCI) = AkLOGCCI))
CXCVCCI) = CXC 1)/CC I)
XCX(I) 1 1.CX(I)
XCCI) = 1/CCI)

I CONTINUP
WRITE(692001)

2001 FOR;MATCl in ,X,1HI9XtIHR,11X,1h-.X,1X,2HCR,1CXd,nCX,,XiHC,9XtH'-N
lCC),7X,4HCX/C,8X'+ril/CXBX,3Hl/C//)

DO 4 1 = 1,NMAX
4 WRITEC6,iO00) I .RCI) ,XCI) ,CRC I),CXC I),CCI) ,ZLC i ) ,CXUV'C I),XCX( I),

2002 FORNAT~iH q12q:-X, ClPE11.4q1X))
RETURN

N D

14 BEST AVAILABLE COPY
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COMPUTER PRINTOUT (CONT)
sTBFTC CTAU DECK

SUBROUTINE CTWO
COMMO1N XiCXqCNMAX

r DIMENSIONS FOR 'COMMON
DIMENSION XC:(0) ,-CX( 100) qCC100)
DlhMc:N5TON GUIC),YN(100),U1((l00)Z(100)
READ(59i00) NMvAX1,NM~iAX2,KM"AXH1OM-l-SORl1,G1,DKMVAX,XDLK

I 'R0 'ORAT( 313 ,3FI10.3,Fl5.8 sF10.6)
rl 1 I = NMAX1,)NM~AX
Al =HIOMiSQ*X(I) - Rll*C(I)
.A2 = EXP(Al)

1 G(I) = GI*A2-
DO 2 K = lqKtAAX
KI = NMAX1
K2 = N"IA X 2
F L.K = r'K .AX + XrDLK*FLOPAT(K-1)

1 0l1 FORMAT ( 1H 8 OX i HN F F10* 5)
012 = P11 - D'LK

98 CON T INUE
WR ITEC(6 92C000;) NM-"AX1 NMAX2

2 0C FORM"-AT(lH ,8HNM'AX1 s 1299H NMAX2 = ,12)
DO 3 I = NMAX1,)NM'AX2
Al = Cfl) - G(I)
A2 = 1. + DLK*G(i)
Y NJ I A

I F I.EG.N - MAX 1 ) GO TO 20
c r) TO 21

2-r A3 =X( I) -P12*C-( I /H 1 0SO
XI P ? 1

21 rCrNT IN!U F
!C I) XC(I) R (12 *C I )H 10 SQ) X XNi
XXN =1.

I.FYN~l).LTo0.1R-05) Gu) Tu 9,
1 F (I .EC). NIl' ,X I) GO TO 2 2
G O TO 23

22 -,?- PLOGAYNC I))
XN2 APSCIA3) -1

ZCI) ALOCCYN!(I)) + XN2

A 0I
A 4 0.
A5 =C.

A6 = .
A7 =0.

,A-,

XN =FLOAT(NMAX2 - NMAX1 +1)

DO 4 I = NivIAjX ,NMiAX;
/\ = A I + (). 1*1_1 ( )
A2 = A 2 + ( 1. 1. *u I( )*2
P,3 =A-- + 100. *YNC( I)

15
13EST AVAILABLE COPY



AFMLt-TR-69-235
Part I

COMPUTER PRINTOUT (CONT)
A4 = A4 + (1010.*YN(I))**2
A5 = A5 + Z(I)
A= A.6 + 1O.*U(I)*YN(I)

A7 = A7 + O.1*tU(I)*Z(I)
4 A8 = A8 + 100.*YNCI)*ZCI)

Q1 = A2*A4 - A6*A6

P~2 =A1*A4 - A3*A6
5?3 = P.2*.A3 - 1*,6
DENOA XN*SI - Ai*132 -A3*53

ANUM Ar,5*B1 A7*52 -A8*L'3

B1 = A7*A4 - A8*A6
92=A5*A4 - A3*A8

n. = Al*A7 - A*(

MNUM = XN*Bl Al*B2 -A3*63

01= A7*f'6 - 2A

e2 =A5*a6 - A1*A8

01= P1*.fA7 - ArS*A2
CNUV = XN*bl A1*82 -A3*B3

H20MASQ = **c-,NUfA/DENOi.1)
B9- 100.*(CNUM/DENOM)
R22 =3 + R12*H2OMSQ/HlOt4$Q
XK =CNUt'!/DENO.*A

XLNC'2 = XK - XN1*H-2OMSQ - XN2
WRITE(693001) DE~-!A ti gN i'gNJ'Ik 2,2 ,S-X r~

3001 FORYAT(IH 97(1XE15.8,1X))
TF(4RS(XLNG2).GT.88.) C0 TO 40
C-2 - FXP(XLN'72)
r, ( TO0 4 1

40 G2 = 0.
41 CONTINUE

COEF = 0.
DO 5 1 =NMAX19N;'AAX2
3 1 = XK
9-2 = H20YSQ*UCI)

11= 93*YN(I)
5 COEF =COEF + (Z(I)-B1-32+B3)**2

OFILTA =COFF/XN

TF(H20PAS0*LT.0e) GO TO 32
WRITE(6-)l000) KqR12 ,G2,H2OM,,S~,R22%DELTA

1000 FORMAT(lH ,5X,12-)7H R12 = 91PE1O.3fwH G2 ,1PE1O.3tIOH HzuiSq' =
11PE.0.3,7H R22 = t1PE1O.399H DELTA 9 1PE10.3/)

32 CONTINUE
Nr'iAX1 = Kl
NmAX2 = K2
GO TO 2

POCON T TNUC
N AJ= N'"MAX1 + 1

TF((NMAX2-NMAX1).COT*2) GO TO 97
NVAX2 = NMAX2 + 1
IF(hmAX2*EQ.MAAX GO0 TO 88

97 Go TO 98
2 CONTINUE

88 !PETURN
END

16
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TABLE XII

FINAL RESULTS OF THE ELEVEN EXPERIMENTS REPORTED

ROTOR SPEED
SAMPLE (RPM) Mx1O3 g - -RI, Mmx10- 3  gm -Rmm +Rim

1 10,589 1.4 3.393xi0 -2  6.16 28.9 2.135xi0-7  134 0.83
50.2 1.715xi0 1- 0  165 0.79

97.7 9.757x10- 17  89 0.78

1 8,766 1.4 4.015xlO- 2  6.24 30.1 1.022xi0- 5  386 2.04
38.6 8.520xi0 -6  325 1.97
67.4 1. 427x10-6  208 1.86
82.6 4.047xi0-" 166 1.81
105.5 5.114xi0-8  110 1.77
112.9 2.545xiO -8  95 1.76

1 7,477 1.7 4.430xlO -2  5.90 29.6 1.413xi0 - 4  241 1.43
59.3 1.301xlO -5  217 1.40

131.3 6.394xi0- 127 1.36

2 17,250 1.6 3.520xi0-3  20.0 5.2 8.288x16- 5  75 1.87
43.8 1.187x10- 20  186 4.37

116.3 6.127x10- 8  255 1.29

2 10,589 1.6 1.050xlO-2  20.0 44.5 1. 381xi0-7  122 6.04
58.6 1.222xi0 -8  45 5.89
62.1 6.474x10-9  27 5.86
66.6 2.874xI0-9  6 5.82

2 7,447 3.3 1.503x10-2  13.2 32.7 5.616x10-5  215 4.66
114.3 2.545xlO-8  86 4.49

3 10,589 4.4 1.125xlO -2  5.3

3 8,766 4.7 1.966xiO -2  4.7 No other significant components
found for this fraction.

3 7,447 4.2 2.740x10- 2  5.5

4 13,410 1.6 1.90x10- 2  7.0 6.2 1.729x0 -4  164 2.11
10.7 2.003xlO -5  160 2.12

139.3 1.580x1O-31  117 2.32

4 10,589 1.6 2.422x10-2 8.3 3.2 3.352x0 -3  136 6.02
9.8 2.337xlO-3  38 0.92

44.6 1.525x10-6  373 3.85
123.1 1.190xl0 1- 0  1,558 5.41

The subscript m(m - 2,3,...) indicates other fractions found.
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