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Synopsis 

New methods have been developed for the computer which allow viscosimetric data elabora- 
tion. Two methods evaluate the intrinsic viscosity, the H ~ g g i ~  or the Kraemer constant, the 
molecular weight, and their confidence limita according the Student’s t-distribution starting 
from the simplest viscosimetric data. Another 
method is used when the Huggins constant is known. 

The kinetic energy influence is considered. 

INTRODUCTION 

The viscosity of dilute solutions is very often used for measuring polymer 
molecular weights because the experiments are simple and reliable. The 
graphic elaboratidn of the experimental data according to Huggins’ or 
Kraemer2 for obtaining the intrinsic viscosity, from which through the Mark- 
Houwink  relationship^^>^ molecular weights are evaluated, is quite tedious 
and subject to errors. Computer programs have already been prepared for 
accelerating and improving the treatment of data,- however, these programs 
made use of simplified formulas and partially elaborated data. 

In this paper, we present programs which evaluate the intrinsic viscosity, 
the Huggins (or Kraemer) constant, the molecular weight, and their confi- 
dence limits according to the Student’s t-distribution starting from the sim- 
plest viscosimetric data such as the polymer weight, the solvent volume, and 
the solvent and solution efflux times. 

GENERAL RELATIONSHIPS 

The specific viscosity ‘I,,, and the relative viscosity qrel are so definedg-” 
considering the kinetic energy influence12J3: 

where ps and p are the solvent and solution densities, t ,  and t are the efflux 
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PENATI ET AL. 

OIRENSION 

R E A D I 5 * 8 O ) R N  
F O R R A T l I 3 l  
0 0 1 6 3  I I = I r R N  
R E A O l S ~ b O )  I T I T L E I J )  J=1.13) 
Y R I  TEf b* 59 I ( J I  TLE I J l *  J= t t I 3  ) 
F O R R A l I I Y A b )  
FORMATI  l H I r  7X. 1 3 1 6 )  
READ15.2J IAN11 K l t Y = l r  b) . IPERC 
F O R U A l I b F 1 0 ~ 3 ~ I I O J  
R E A O ( 5 * 6 1  ) ACIAKA 
FORMATIF  1d.erE 10.3) 
READ1 5r 8 JNN* AK K .ROS~LVIROPOLV 
FORMAT( I 3 . 3 F  15.8) 
I F 1  NN.LE. I ) 6 0 1 3 I 6 3  
READ( 5.91 TS. I T  ( I  J * I  -1 t NN I 
F O R R A l l  IOF 8.3) 
R E A O l 5 ~ 9 9 ~ Y E I G H l ~ l C C ~ I J ~ I ~ I ~ N N ~  
FORRA T ( F 1 0 . 7 r I O F  1.41 
suRcc-0.0 
DO? 7 R = l  INN 
SUMCC=SURCC*CClMJ 
VOL s 3L I R 1 rsumc c 
X I  M > =YE I 6 H  1 I 0  0.0 /SU MCC 
CON T I N U E  
sumx=o. 0 
suRY=o.o 
suMxY=o.o 
sumxa=o.o 
00 ? M = l * N N  
I F (  AKK.Ll.0.0)69 1011-  
VOLPOLrYE 16HT/ROPOLY 
Y€SOL(R)=VOLSOL(R JbROSOLV 
R O S O L U l ~ ~ = ~ Y E I 6 H T * Y E S O L ~ M l J / l V O L ~ O L * V O L S O L l ~ l l  

1 1 1 0 0 0 ) r X (  IOOOJ * Y  11000) 9 1  I T L E l 1 3 I ~ A N I l I O ) ~ V O L S O L  I IJOO)*U 
1 E S O L l 1 0 0 0 ) ~ R O ~ O L U l 1 O O O ~ ~ C C l l O O O ~  

30 

21 

39 

5 

C 9 N I I N U E  
S V X ~ S ~ R l l O M I N I l C - 2 . 0 1  J 
A L I R B ~ A N I ~ N I ) ~ ~ S V X / S O R T l X O ~  
AL I R A =  AN I ( N I I b SY X Y O R  T I  I .  O/C* XU €0. 3/ X 0 I 
U R I l E ~ b r 2 l ) S V X  
FORMAT I / I .  STANDARD D E V I  AT ION=*v  F 7. 1 1  
U R I T E l b ~ 3 9 l I P E R C  
FOR*AT l / / / . *  CONFIOENCE INTERVAL = * r I 3 )  
Y R I T E I 6 * S J A * A L I R A  
F O R M A l l / / ~ *  I N T E R C E P T l = I N l R I N S I C  V I S C O S I T V l = * r F b . 3 ~ 3 H  * - r F b . 4 * / / )  
YRITE(b .69J8 .AL IMB 

Fig. 1 (continued) 
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R E A D ( 5 s 6 1 )  A C s A K k  
FORRAT(Fl0.P.E 10.3) 
READ(5r8)NN* AKK.ROSCtLV*ROPOLY 
FORMAT(I3*3Fl5.8) 
I F l N N - L E .  l ) G O l 0 1 6 3  
R E A 0 ~ 5 ~ 9 ~ T S ~ l T I I ~ ~ I ~ l ~ W ~ ~  
FORMAT( 10F8.3) 
R C A D ~ 5 r 9 V ~ U E I G H T i ~ C C ( I ) r I _ l r W N ~  
FORRATIFIO.7~ 1 0 F l . I )  
suMcc=o. 0 
DCt7?M=1 vNN 
s u M c c = s u R c c * c c ( ~ ~  

XIM)~UEIGHT~lOO.O/SUMCC 
CON TI NUE 
SUM x=o.o 
suMY=o.o 
SUM x I - 0  .o 
suMxo=o.o 
DO 1 M=l*NN 
I F  (AKK.LT.O.O)GOTO@@I 
VOLPOL-YE I GH TIROPOLY 
YESOLI M)=VOLSOLrM)*ROSOLV 
R O S O L U ~ M ~ = ~ Y E I G H T * Y E S O L ~ R l ~ f l V O ~ P O L ~ V O L S O L ~ R ~ ~  

v ~ ~ s o ~ i  n)=suncc 

Fig. 2 (continued) 
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19 F O R M A T ( / / / r l X * *  L I S T  OF MEASURES * r / )  
I F  (AKK. LT.O.O)6DTO666 
YRP TE ( 6r  6 6 7 )  TS 

6 6 1  F O R M A l t  / / * 2 X * * T S  = *  rF I .215Xv '  W l l H  D E N S I f V  AND K INETIC-ENER6V CORR 
1ECTIONS ' 1 1 1 )  

1.1 r 7 X t  * V l =  * r F 7. 1 s  / r ) 
50 CONTINUE 

S V X = S O R T ( O M I N / ( C - ? . ~ ) 1  
A L I W B = A N I (  N I ) * (  S V X I S O R T t X O I )  
A L I M A = A N I ( N I ) + S V X * S O R T ( l . O / C * ~ ~ ~ D 8 * 2 / X O )  
Y R I  TE ( 6 21 ) SY X 

Y R I  TE ( 6 r 39 ) IPERC 

Y R I  T E i  6 9 5 )  A VAL I R A  

Y R I  TE( 6 ~ 6 9 1 8  * ) L I M B  

BMAX=@*ALI  MB 
BWI N=B-ALIMB 
AMAX=A+ALfMA 
A M I  N=A -A L I M A  
OKMAX=BMAX/AMIN**2 
OKMIN=BMIN/AMAX**2 
Y R I  T E I  6.23 3 I OK *OKMAX t O K * I  N 

21 FORMAT( / / *  STANDARD O E V I A T I O N = * ~ F ? . @ )  

39  F O R M A T ( / / / * *  CDNFIOENCE I N T E R V A L  = ' * I 3 1  

5 F O R M A T ( / / *  * INTERCEP T ( = I N l R I N S I C  V I S C O S I T Y )  =**F6.3.3H *-t F 6. 1r / I )  

69 FORMAT ( 1 X r  SLOPE+ '.E 10.1 * 3H *- rE 10.1. It  8 

2 3 3  FORMAT( / I . *  KRAEMER C O N S T A N T Z * r F 7 . a r 3 X * *  PAX=*  r F  ?.0*3X1* MIN=* ,F?  
1.1) 

7 9  

6 

Fig. 2. Second computer program wing Kraemer equation. 

times of the solvent and of the solutions from the capillary viscometer, K is 
the viscometer constant, which depends on its geometry. 

The concentration of diluted solutions is generally very low (<1 g/100 cc) 
so that the solvent and the solution densities are very close. Supposing that 
ps = p, if Kit: and K / t 2  are both negligible with respect to unity, which can 
be obtained with suitable viscometers, eq. (1) becomes 
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t 
t s  qfsp = - 1 = - - 1. 

The equations which correlate vsp and vrei to the concentration c are 

qsp / c = [??I + k’c [qI2 

In q ’ r e ,  / c = [ql + V’C [ql’ 
where k’ is the Huggins constant,’ k” is the Kraemer constart,2 and [s] is the 
intrinsic viscosity. 
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D I R E N S I O N  T f  10001 . C 1 1 0 1 3 I  .X(  1000) s Y ( 1 l l O O ) r Y  1 ( 1 0 0 0 ) ~ D I F ( 1 0 0 0  1. X R ( 3 l  

89 
90 
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5 9  
62 
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61 

51  

11 
l * X R f I I * X ( J ) )  

IF(L.EO.Z)OMIY=SO~II  
IF (L .EO.2 )RRIN=XR( I  I 
1FIL.EO.Z I G O T O I O  

911 N=ZO( 1 I 
RRIN=XR ( 1 1  
3 0  30 K = Z r S  
I F  ( 5 0  (K I .GT .OR I N )  6 0 7 0 3  r 
O R I N = S Q ( K l  
RRINZXR (I0 

10 CONTINUE 

YO CONTINUE 
40 ORWIN=RRIN*RMIN 

LO= AM1 N/LKA 
ALzALO6 t A01 
RA=l.O/AC 
ARB=RA*AL 

Fig. 3 (continued) 
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POLYISOBUT'KENF A I N  CYCLOHFXANE T=30C VISCO@. I 

L I S T  OF WASUPES 

T S  = 523.50 W I T H  DENS1 T Y  AND K I N E  TIC-ENERGY CORRECTIONS 

STARDARD D E V f  A T I O N =  -0189  

CONFIDENCE I R f E R V I L  = 95 

I N T E R C E P T t = I N f R I N S I C  V I S C O S I T Y ) =  J - 8 5 R  +- -22R2 

SLOPf = . T O l l * O l  +- 1087*01 

HU66INS C O N S l i N l =  . 2 0 4 3  W A X =  . 5 1 3 3  * I N =  .L171 

AVERAGE R 3 L  W I G H T =  . 1 0 1 0 + 0 7  W A X =  .1107+0? * I N =  .9322+.06 

Fig. 4. OUTPUT of the first program accordw to cards 3-8 of the INPUT of Table 11. 
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POLYISOBUlYLENE L I N  CYCLOnEXANE T=30C V I S C O * .  1 

L I S r  OF RELSURES 

1s = 323.50 u i T n 3 u i  CORRECTIONS 

1 TIRE(SECB= 731.10  X(G/OLI= - 3 1 2 5  

2 l I R E ( S E C ) =  5 7 5 . 5 0  X(61OL)= 020A3 

3 T I R E ( S E C ) =  505.50 X ( G / O L I =  0 1 5 6 3  

4 T I R f ( S E C ) =  4 3 7 . 2 0  X ( G t O L ) =  . l o 4 2  

Y =  4 .0319 

Y =  3 . 7 3 9 1  

Y =  3.600b 

Y =  3 . 3 7 r l  

Y l =  4.0168 

Y l =  3 . 7 2 6 5  

Y l =  3 .5663  

Y l =  3 . 4 0 6 1  

STANOLRD DEVIATION= - 0 3 6 0  

CONFIDENCE INTERVLL = 9 5  

I N  TE RCE P l( = I N  T R I  N S I C  Y I  SC3 5 I1 Y = 3.0 86 *- - 7 1  0 9 

SLOPE= . 3075*01 * -  1004*01 

HUGGINS C O N S l L N l =  . 3 ? 2 9  R A X =  . 4 9 3 5  mIN= . 1 9 0 5  

A =  . bVOO*OO K =  0 2 7 6 0 - 0 5  

LVERIGE R'JL U E I G M l =  .73bO*Ob M A X =  .8108*06 * I N =  . 6 6 4 9 * 0 b  

Fig. 5. OUTPUT of the first program according to cards 10-15 of the INPUT of Table 11. 

Experimentally the viscosimetric measurements are repeated varying the 
initial concentration with dilution: plotting eqs. (3) and (4), one obtains [a] 
which is correlated to polymer molecular weight M through the Mark-Hou- 
wink3r4 equation 

[7?1 = KM (5) 
where K and a are characteristic constants for every polymer-solvent system. 

PRINCIPLES OF CALCULATION 

First of all, the values of the different concentrations (in g/100 cc) are cal- 
culated from the polymer weight and from the solvent volume (cc) added in 
every test. Considering the additivity of the volumes, the solution densities 
are calculated from the polymer and solvent densities. According to eq. (l), 
asp is calculated from the values of K ,  t,, and t for every concentration c. 
However, it is possible to use the simplified eq. (2), too. At this stage, all the 
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POLYISOBUlYLENE B I N  CYCLOHEXANE T=3OC VISCOM.2 

L I S f  OF MEASURES 

1s  = 204.30 U I l H  DENSITY AND KINETIC-ENERGY CORREClIONS 

S l A Y D A R D  D E V I A l I O N =  - 0 3 7 8  

CDNFIDENCE I N l E R V M  = 90 

I N  1E RCE P l (  =I N l  R I  NS I C  V ISCOS I 1 Y  I = 4. 8 4 2  4- . 1 5 0 5  

MUGSINS CONSlANl= , 1 9 3 8  R A X =  . 2 3 8 ?  gIN= .I540 

A =  .69D0*00 K =  . 2 7 6 0 - 0 3  

AVERAGE M9L U E I G M f =  1 4 1 5 4 0 7  M A X =  . 1 4 8 0 + 0 7  mIN= - 1 3 5 2 4 0 7  

Fig. 6. OUTPUT of the first program according to cards 17-22 of the INPUT of Table 11. 

data to be entered into eq. (3) are available. Substituting now y = qsp/c and 
r = c, eq. (3) becomes 

y = a, + a,x (6) 
where QO = [q]  and a1 = k’[qI2. 

The best values of the constant a0 and a1 are obtained by a least-squares 
method. The confidence intervals (with the coefficient of confidence 1 -a) 
for the intercept a0 and for the slope a1 are given14 from 
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POLYISOBUIYCENE B I N  CYCLOHEXANE r=30C VISCOU.2 

L I S l  OF IEASURES 

Y l =  5 .4948 

Yl= 5 0 0 0 6 6  

Y l =  4.7626 

Y l =  4 .5185  

STANDARO OEVIATION= - 0 5 9 2  

CONFIDENCE IN lERVAL = 90 

I N l E R C E P r ( = I Y l R I N S I C  V I S C O S I r V ) =  0 .030  *- e l 5 5 9  

SLOPE= . 4 5 5 9 * 0 1  +- . 7 ? 2 3 + 0 0  

H U B B I N S  CONSTANT= .ZOO7 M A X =  .3510 *IN= . 2 1 8 9  

A =  .6900*00 I(= . 2760-03  

AVERAGE ROL Y E X I H I =  . 1 0 8 5 * 0 7  M A X =  . 1 1 4 6 * 0 7  * I N =  .1025*01 

Fig. 7. OUTPUT of the first program according to cards 24-29 of the INPUT of Table 11. 

where ta/2;,,-2 is the Student's t-coefficient with n-2 degrees of freedom. 
The numerical values of the t coefficient are tabulatedls and reported in 
Table I as a function of the degrees of freedom n - 2 (that is, also of the num- 
ber of tests) and of a; 1 - a represents the probability that the values of a0 
and of a1 are included between the limits indicated in eq. (7); Z is the average 
value of xi; srlx is the standard deviation 

Sylx = / c (Yi - Y J 2  
i-1 - 

n-2 

where yc is the calculated value of y. 
Then, the calculations of k' (= al/ai), M (= (ao/K)'/"), and their maximum 

and minimum values in the considered confidence intervals are performed. 
The FORTRAN IV program of this calculation is reported in Fig 1. An- 

other program, which uses the Kraemer eq. (4), instead of the Huggins eq. (3), 
is reported in Figure 2. In this case, we make the substitutions y = In q rel/c 
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POLYISOBUl lLEN€ B I N  CYCLOHEXANE r = 3 0 C  VISCOW.2 

L I s r  OF MEASURES 

Y =  5 .1738  

Y =  5.0357 

Y =  4.7881 

I= 1.4848 

Y l =  5 .4948 

Y l =  5.0066 

Y l =  4.7626 

Y l =  1 .5185 

STANDARD DEVIATION= 0 0 3 9 2  

CONFXOEMCE INTERVAL = 9 0  

Fig. 8. OUTPUT of the first program according to cards 31-36 of the INPUT of Table 11. 

and a1 = k” [qI2 in eq. (6). The two programs are very similar, they have the 
same INPUT, and we can change the program only substituting the cards 36, 
37,38,59,85,86,87,88, and 89. 

Beyond the approximation of eq. (2), another simplification can be done if 
we know the value of the Huggins constant. This value must be obtained 
from careful preliminary calibration tests with polymers of identical polydis- 
persity. Equation (6) can now be written as follows: 

y = a0 + K’ao2X (10) 

y = a0 + ao2X (11) 

Indicating with X the value of k‘x, we obtain 

where a0 = [q]. 

TABLE I 
Numerical Values of Student’s t-Coefficient 

~ ~~ ~~~ ~~~ ~~ 

n -  2 a/2= 0.2 0.1 0.03 0.025 0.01 

1 1.376 3.078 6.314 12.71 31.82 
2 1.061 1.886 2.920 4.303 6.965 
3 0.978 1.638 2.353 3.182 4.541 
4 0.94 1 1.533 2.132 2.776 3.747 
5 0.920 1.476 2.015 2.571 3.365 
6 0.906 1.440 1.943 2.447 3.143 
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P 3 L Y I S 9 R U T V L E h F  A 1'4 CVCL3HFXLNE T = 3 0 C  VISCO*. 1 

L I S l  OF q4iASUQES 

1s = 3 2 3 . 5 0  U I T H  DENSITY AND K INETIC-ENEQGY CORRFCTIONS 

1 T I V E ( 5 E C ) =  7 3 1 . 1 0  X ( G / G L ) =  . 3 1 ? 5  Y =  2 . 9 2 9 4  Y l z  2 .P270  

Z T I W E ( S E C ) =  5 7 6 . 5 0  X ( G / D L ) =  .?OR3 Y -  3 . 1 7 6 9  V l =  3 . 1 8 1 9  

3 TIRE(SEC)= ~ 0 = . 5 n  X ( G / D L ) =  . i 5 6 3  Y =  7 . 3 3 7 1  r i =  3 . 3 1 7 5  

0 T I A E ( S E C ) =  ( 1 5 7 . 2 0  X ( G / O L ) =  . I 0 4 2  Y =  ?.a423 Y l =  3 . 9 0 7 5  

STANDARD D E V I 4 T I D b J =  . ( I 137  

C9NFIDENCF: I N T E P V A L  Z P s  

I N T E R C E P T ( = I N T R I N S I C  V I S C 3 S I T Y ) =  T - I O R  *- .OR03 

A V E R A G E  r(9i WFIGHTZ . 9 6 1 - 0 6  PIAX- . v 9 1 7 + 0 6  rxnr= . 9 3 1 3 * 0 b  

Fig. 9. OUTPUT of the second program according to cards 3-8 of the INPUT of Table 11. 

The calculation of a0 which minimizes the sum of the squares of deviations 
employs a third-degree equation. In the program of Figure 3, this equation is 
solved by Cardano formulas using a library subroutine (SEQ 3). 

EXAMPLES OF APPLICATION 

We report as examples of application the data elaboration of two viscosi- 
metric tests using two different samples of polyisobutylene in cyclohexane at 
3OOC.  The viscometers were chosen in such a way as to evidence the differ- 
ences of the results obtained according to eqs. (1) and (2). The molecular 
weights are calculated according to the Krigbaum-Flory relationship'6 

[77] = 2.76 x 10-~ MO6' (12) 
The experimental data are reported in the INPUT cards. Table I1 reports 

the INPUT for both the programs of Figures 1 and 2. The INPUT of the 
program of Figure 3 is reported in Table 111. 
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TABLE I1 
Example of INPUT for the First and Second Programs 

Card number Card content 

1 
2 
3 
4 
5 
6 
7 
8 

1 0  
11 
12 
13 
14 
1 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

9 

5 
I 
POLYISOBUTYLENE A IN CYCLOHEXANE T=30C VISCOM.l 
12.710 4.303 3.182 2.776 2.571 2.447 95 

4 12040 0.764 0.918 
323.5 731.1 575.5 505.5 437.2 
0.031 25 1 0  5 5 10 

0.69 2.76 E-04 

I 
POLYISOBUTYLENE A IN CYCLOHEXANE T-30C VISCOM.l 
12.710 4.303 3.182 2.776 2.571 2.447 95 

4 -1 1 1 
323.5 731.1 575.5 505.5 437.2 
0.03125 1 0  5 5 1 0  
1 
POLYISOBUTYLENE B IN CYCLOHEXANE T=30C VISCOM.2 

6.314 2.920 2.358 2.132 2.015 1.943 90 

0.69 2.76 E-04 

0.69 2.76 E-04 
4 4050 0.764 0.918 
204.3 563.5 424.6 361.4 302.4 
0.0321 2 1 0  5 5 10 

POLYISOBUTYLENE B IN CYCLOHEXANE T=30C VISCOM.2 
6.314 2.920 2.358 2.132 2.015 1.943 90 

0.69 2.76 E-04 
4 -1 1 1 
204.3 563.5 424.6 361.4 302.4 
0.03212 10 5 5 10 
I 
POLYISOBUTYLENE B IN CYCLOHEXANE T=30C VISCOM.2 

6.314 2.920 2.358 2.132 2.015 1.943 90 
1 -1 

4 -1 1 1 
204.3 563.5 424.6 361.4 302.4 
0.03212 1 0  5 5 10 
1 

TABLE I11 
Example of INPUT for the Third Program 

Card number Card content 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

2 
POLYISOBUTYLENE A IN CYCLOHEXANE T=30C VISCOM.l 
4 0.2 0.69 2.76 E-04 
323.5 731.1 575.5 505.5 437.2 
0.031 25 1 0  5 5 1 0  
1 
POLYISOBUTYLENE B 1N.CYCLOHEXANE T=30C VISCOM.2 
4 0.2 0.69 2.76 E;04 
204.3 563.5 424.6 361.4 302.4 
0.0321 2 10 5 5 10 
I 
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POLYfS3BUlYLENF L I N  CYCLOHEXLNE l s 3 0 C  VISCOR.1 

L I S l  S RIEASURES 

1 S  Z 3 2 3 . 5 0  U I l H O U T  CORRECTI3NS 

1 l I W ( S E C ) =  7 3 1 . 1 0  X(G/OL)=  - 3 1 2 5  

2 l I r ( E ( S E C ) =  5 7 5 . 5 0  X ( G / D L ) =  - 2 0 8 3  

3 l I A E ( S E C ) =  5 0 5 . 5 0  X(G/DL)=  . 1 5 6 3  

P l I R E ( S E C ) =  6 3 7 . 2 0  X ( G / O L ) =  . l o 6 2  

Y =  2 . 6 0 9 1  

Y =  2 . 7 6 5 0  

Y =  2.856b 

Y =  2 . 8 9 1 6  

SlANOARD ! J E V I L l I O N =  -0700  

C3NFIDEWCE INTERVAL = 9 5  

AVE RA6E ROL U E I G H l =  . 7 2 6 2 + 0 6  W A X =  . 7 6 6 9 * 0 6  * I N =  .6062*06 

Fig. 10. OUTPUT of the second program according to cards 10-15 of the INPUT of Table 11. 

POLYISOBUlYLEWE B I N  CYCLOHEXLNE l = J o C  YIScOR.2 

L I S T  OF MEASURES 

1s = 204.30 Y I l H  DEWSI fY  AND KINETIC-ENERGY CORRiTCTIONS 

S l A W O I R O  O E V I A l I O W =  - 0 1 6 2  

CDWFIOEWCE I M t E R V L L  = 90 
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SLOPE= -0 3527401 +- 2 9 8 8 * 0 0  

KRAEMER CONSTANT= - 0 l b 9 5  n A X =  -01596 * I N =  - . 1 7 8 7  

AVERAGE M3L YEIGHT= .12918407 MAX= . 1325*07 MIM= .1272*07 

Fig. 11. OUTPUT of the second program according to cards 17-22 of the INPUT of Table 11. 

POLVISOEUTXLENE E I N  CVCLOHEXANE T=30C VISCOU.2 

L I S T  OF MEASURES 

TS = 208.30 U I T H O U l  CORRECTIONS 

Y =  3.1587 

Y =  3 . 9 1 6 Q  

Y =  3.5517 

Y =  3.6628 

STANOARO DEVIATION= - 0 0 8 3  

CONFIOENCE INTERVAL = 9 0  

I N T E R C E P T ~ = I N T R I N S I C  V I S C O S I T Y ) =  3 .921 4- . 0 3 5 0  

SLOPE- - . 2375*01  *- .1528*00 

KRAEMER CONSTANT= - a 1 5 8 2  MAX' -el868 *IN= -.1611 

Aa .6900+00 K= . 2 7 6 0 - 0 3  

V I =  3,1613 

V l =  3.4156 

T I =  3,5Q27 

Y l =  3 . 6 6 9 9  

AVERAGE MOL UEIGHT= .10*1+07 M A X =  .1056*07 WIN= . 1 0 3 1 + 0 1  

Fig. 12. OUTPUT of the second program according to cards 24-29 of the INPUT of Table 11. 
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POLIISOBUTYLENE B I N  CVCLOHEXANE T=30c VISCOM,2 

L I S T  OF MEASURES 

1s = 201.30 U I T H O U T  CORRFCTI9NS 

1 TIME(SEC)= 567.50  X(G/DL)= . 3 2 1 2  

2 T IME(SEC)= 479.60  X(G/DL)= - 2 1 9 1  

3 TIR)E(SEC)= 361.90 X(G/DL)= - 1 6 0 6  

@ TIME(SEC)= 301.10 X(G/DL)= . l o 7 1  

Y =  3 ,1587 

Y =  3 .9161 

Y =  3 .5517 

Y =  7.6628 

Y l =  3 .1613 

Yl= 3.4156 

Y l =  3,5127 

Yl= 3 . 6 6 9 9  

STANDARD D E V I A T I O N =  - 0 0 8 3  

CONFIDENCE INTERVAL = 90 

KRAERER CONST44T= -.150E R A Y =  - . ? 4 h R  *IN= - . 1 6 1 1  

Fig. 13. OUTPUT of the second program according to cards 31-36 of the INPUT of Table 11. 

L I S I  OF M I L S U R C S  

rsr 323.53 MIJ641NS C O N S T 1 M l Z  . 2 0 $ 0  

MUIIBfR OF RFAL R O O T S = )  

A2EROI:1YlfRCEPT~IUlRlNSlC b I S C O ~ 1 T V l :  3-77>, A: .bQOU K 1  .27b-D7 MOL Y E I 6 H T z  .1026*06 

Fig. 14. OUTPUT of the third program according to cards 2-5 of the INPUT of Table 111. 

We report the OUTPUT of the first program, which employs the Huggins 
equation, in Figures 4-8; the OUTPUT of the second program, which em- 
ploys the Kraemer equation, in Figures 9-13; the OUTPUT of the third pro- 
gram, in Figures 14 and 15. 
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YUUCER OF R E l L  9001Sr3 

L 7 E R O ~ ~ I W l F R ~ E P l ~ l N T R l ~ S l C  VISCOSITY)- 1 .233?  R I  .ha00 K: . 2 7 6 - 0 1  UOL yEI6MIz . 1165 .1  

Fig. 15. OUTPUT of the third program according to cards 7-10 of the INPUT of Table 111. 

In cards 4, 11, 18, 25, and 32 of the INPUT of Figure 2, the Student’s t- 
coefficients (already tabulated in Table I) for the desired confidence interval 
(last number on the right) up to 8 experimental points are reported. 

Cards 5,12,19,26, and 33 report the u and K values of eq. ( 5 )  for the con- 
sidered polymer-solvent system: in our case, the data of eq. (12). When the 
INPUT value for K is negative (especially 33), the program does not calculate 
the molecular weight. 

Cards 6, 13, 20, 27, and 34 report the number of experimental points, the 
viscometer constant K of eq. (2) (if we write a negative value for K, eq. (3) is 
employed), therefore the solvent and polymer densities. 

Cards 7,14,21,28, and 35 report the solvent and solutions efflux times. 
Cards 8, 15, 22, 29, and 36 report first the polymer weight, the initial sol- 

vent volume (in cc), and then the solvent volume added at every dilution. 
For the same polymer it is possible to place cards of the type 6, 13, etc., 

after cards of the type 8,15, etc., obtaining a single list of results. 
With regard to the cards reported in the INPUT of Table 111, only cards 3 

and 8 are different from those of Table 11. In these cards, the number of ex- 
perimental points, the Huggins constant, the u and K values of eq. (12) are 
reported. 
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