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USE OF A P R O Z m L E  FWKE!l' W U L A T O R  FOR DATA 
REDUCTION I N  GFC: CALCULATION OF I%3- WEIGHTS 

AND MDLECULTLR WEIGHT DISTRIBUTION 

Albert0 A. Navas 
Pbbil Chemical Company, Films Research and Eve lopen t  

Technical Center, Macedon, New York 14502 

ABSTRACT 

A short program was written for a pocket prcgramnable calcu- 
lator (HP-29C), t o  reduce data f r m  a Gel Pernation Chramtcgram. 
The output of t h i s  program consists of weight- and n-r-average 
molecular weights , plydispersity , and noml ized  weight dis t r i -  
bution. All w e r e  uncorrected for dispersion. Mathemtical approx- 
imation of the GPC calibration curve w a s  made by exponential f i t ,  
also performed on the prcgrann-tnble calculator. "he program and 
its application to  NBS 706 and one narrow-molecular weight dis t r i -  
bution (m) polystyrene standards are presented. W i t h  s l ight 
modification, the progran can be used an newer, mre powerful 
calculators such as  the HP-IlC, on which dispersion correction 
subroutines could be perfom&. 

INTRODUCTION 

The advent of lowcost minicconputers has made the use of on- 

l ine Gpc data acquisition and reduction econmkcal and practical 

in  the laboratory. However, these systems cost several thousand 

dollars. An inexpensive alternative t o  these systems is the use 
of a prcgramable pocket calculator, such as the Hewlett-Padcard 

29C. 

A GFC calibration curve was  generated, also on the calculator, 
by expnert ia l  f i t  of elution volumes of narrow-mlecular weight 

polystyrene standards (P@DJD) vs. peak molecular weight for each 

standard. U s e  was made of Hewlett-Padcard's Curve Fitt ing Program. 
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4 14 NAVAS 

The expression thus generated was of the form: 

(b x Ve) EiPrJi=axe 

where: a = intercept 
b = slope 
Ve = elution volume, m l .  

The constants (a and b) were used to initialize the Gpc pro- 
gram. In use, chromatogram heights (Hi) are entered in succession, 
kdiately following the display of the mlecular weight (mi) 
corresponding to the elution volume (Veil. when the last chrom- 
togram height entered is zero, &I, Mn, and the polydispersity are 
displayed, follmed by a nonnalized cumulative distribution. 

(1). The equations used in the program were . 

(2) 
C(Hi X Mi) M w =  

CHi 

(3) 

Polydispersity = Mw/Mn (4) 

CHi 
C (Hi&,) 

m =  

The nomlized distribution is defined as: 

x 100 (5) Hi Normalized distribution = 
CHi 

METHOD 

Narrow molecular weight polystyrene standards, purchased frm 
Waters Associates (Milford, Mass.) , were used as received. The 

set consisted of PS 3600, 50000, 240000, and 2700000. NBS 706 

(Office of Reference Materials, National Bureau of Standards, 
Washington, D.C.), was also used as received. 

The PS standards wre used for calibratian as a mixture of 
3 rq. of PS 2.736, and 5 mg. of each of the others plus 5.0 mg. 
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DATA REDUCTION IN GPC 415 

of BHT in 10.0 ml. of u.v.-grade THF (J.T. Baker, Co. ) .  NBS 706 
was used as a solution of 25 mg. in 10 ml.  THF. 

nominal exclusion range lo5  i, lo4 i, lo3 i, and 102 i. 
solvent used was uninhibited tetrahydrofuran (W), purchased 

f r m  the J.T. Baker, Co. 

The GFC column set consisted of four UStyragel columns of 

The 

A Waters Associates HLC/GFC 244 Liquid Chromtograph was 

used in the analysis. 

with the We1 440 U.V. Absorbance Detector (254 nm), 1 .0  AUFS. 
All solutions w e r e  f i l tered through a 0.5 pm Teflon f i l t e r  prior 

t o  analysis, using Waters' Sample Clarification K i t .  All analyses 

were perfonred a t  room t-rature. 
mthod was used t o  correct for slight fluctuations in  flow rate(2). 

Flow rate was  2.0 ml./&.; detection was  

A d i f i e d  internal standard 

THE MDLEccTLJlR WEIGHT PROGRAM AND ITS USE 

Firs t ,  a GFC calibration m e  w a s  generated, using data from 

the liquid chromatograph. For this purpose, Hewlett-Packard's 

Expnential C u w e  F i t  Program was  used, entering elution wlms 
vs. mlecular weight for each standard (see Table 1). 
bration data w e r e  as follows: 

The C a l i -  

The Exponential C u r v e  F i t  Program then gave the following 

expression, af ter  Equation (lb) : 

In raJi = In 5.3489455 x lo1' - 0.468683685 x Ve ( 6 )  
with r2 = 0.9994 (correlation m f f i c i e n t ) ,  and 

a = 5.3489455 x 1O1O 
b = -0.468683685 

W L E  1. 
Elution V o l m s  and Correspnding Wlecular Weights 

Ve, ml. PS Peak MW 

21.10 2.7 E6 
26.34 2.4 E5 
29.74 5.0 E4 
34.90 3.6 E3 
41.34 2.22 E2 (BHT) 
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416 NAVAS 

Both a and b will be needed to initialize the GFC program. 
A l l  decimals should be carried out, for improved fit of the data 

to the regression c m .  
The program keystrokes and their corresponding key codes are 

These mst be entered with the calculator set t o  listed klw. 
PROGRAM mde (''PR@l'') . 

STEP 

1 
2 

3 
4 

5 
6 
7 
8 
9 

10  

11 
12 

13 

14 

1 5  

1 6  
1 7  
18 

1 9  
20 

2 1  
22 
23 
24 
25 

- KEY m y  

g LBL 2 

FCL 2 
GSB 3 
E L  1 

X 

FCL 3 

X 

sm 4 
f FIX 0 

R/S 
g x=o 
GSB 1 
STO i 
sm +7 

X 

sm +5 
m i  
RCL 4 
- 

STO +6 
9 

FCL 0 

f D Y  
g DSZ 

KEU CODE 

0 1  15 13 02 
02 24 02 
03 12 03 
04 24 01 

05 6 1  
06 1 5  42 
07 24 03 
08 6 1  
09 23 04 
10  14 11 00 

11 74 
12  15 7 1  

13 1 2  01 

14  23 22 
1 5  23 51 07 

1 6  6 1  
1 7  23 51 05 
18 24 22 
19 24 04 

20 71  
21 23 5 1  06 
22 09 

23 24 00 
24 14  51 
25 15 23 

-- STEP KEYENTRY - 
26 1 
27 
28 5 

29 g l/x 
30 STO +2 
31 GSB 2 
32 g L B L 1  
33 FCL 5 
34 E L  7 
35 
36 R/S 
37 RCL 7 

38 RCL 6 

39 
40 R/S 

4 1  
42 f F I X  2 

- 

- 

- 

43 R/s 
44 2 

45 9 
46 sm 0 
47 0 

48 sm 1 
49 g m 5  
50 X L  i 

KEY CODE 

26 01 

27 73  
28 05 
29 15 74 

30 23 51 02 
31 12  02 

32 15 13 01 
33 24 05  
34 24 07 

35 71  
36 74 
37 24 07 
38 24 06 

39 7 1  

40 74 
4 1  71  
42 1 4  11 02 
43 74 
44 02 

45 09 

46 23  00 
47 00 
48 23 01 
49 15 13 05 
50 24 02 
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DATA REDUCTION I N  GPC 417 

STEP KFxmRY 

51 g L B L 7  
52 F c L 7  

53 
54 1 

55 Q 
56 0 

57 X 

58 STO +1 
59 f PSE 

60 9 

61 ITCL 0 

62 f x=y 
63 Gl'O 8 

- 

- 

KEY ODE 
51  15 1 3  07 

52 24 07 

53 71 
54 01  

55 00 

56 00 

57 61 
58 23 51 01 

59 1 4  74 

60 09 

61 24 00 

62 14 71 

63  13  08 

STEP 
64 

65 
66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

- m CODE 

64 24 22 

65 74 
66 15 23 

67 13 05 

68 1 5  1 3  08 

69 24 01  

70 74 
71 13 07 

72 15 1 3  03 

73 24 08 

74 51 

75 15 12 

76 74 

The GFC program is r5nitializedr' (prepared to m) , w i t h  the 

calculator i n  "RUN" mde, as folhws: 

KEYS 0UTE)uT - -  INSTRUCTIOW INPUT 
1. Set  all m r y  registers 

to zero: f riEG 0 

2. Se t  program t o  step 0: CJm 0 

3. Enter calibration curve 
p a r m t e r s  : 
a) sbpe b i n  Wgister l ( R 1 )  : b STO1 b 

c) intercept a i n  R3: a STO 3 a 
b) f i r s t  Ve a t  H i  # 0,  i n  R2: H i ( l ) #  0 STO 2 # 0 

address in %: 29 STO 0 29 
4. Enter indirect regis ter  

5. Store correction to Ve 
(Sanple) i n  RE: (k) Ve STO 8 (+)Ve  

[ i f  Ve (Internal Standard Sarrp?le) > Ve (Interndl  Standard, F3-m 11 ,  
then correction is negative.] 

(correction) 

The calculator is r m  ready to execute the program. press- 

ing WS, the mi corresponding to  the f i r s t  mn-zero chromatogram 
height is displayed (the nvlecular weights w i l l  be displayed start- 
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418 NAVAS 

ing w i t h  the higest, and proceeding through i n t e d i a t e  MW's, t o  

lowest MW's). "he f i r s t  Hi(l) is entered, and R/S is again pressed: 

6. Press R/S: R/S F i r s t  MWi a t  

Hi (I)+ O 

7. Ehter chromatogram height 
) corresponding t o  (Hi (1) 

mi (and V e  ) displayed: Hi(l)#O R/S Second MW. (1) 1 

gram heights, un t i l  l a s t  

Hi (last)  

8. mter remaining ckraoato- 

= 0: . . .  R/S Thirdmi H i ( 2 )  . . . 
9. When H i ( l a s t ) =  0, 

H. = 0 R/s Mw 1 
M is displayed: 

10. Calculate Mn: R/s 
11. Calculate m h :  R/s w m  
12. S t a r t  display of % plymr 

fraction and % currPnulative. 
Program pauses af ter  % 
fraction is displayed, and 
stops after each % cummila- 
tive : R/S % cumdative 

13.  If the n m h r  of data pints 
is greater than 20, "9" is 
displayed af ter  the 20th 
data p i n t  is entered. Re- 
enter the 20th pint, and 
continue w i t h  the remaining 
Hi 's :  Hi R/S %cumulative 

1 4 ,  Final % cumrmlative must 
always ke 100.00%: R/s 100.00 

&knnry register contents are as follaws: 

Ro: 29. Indirect register address. Controls Registers 29 though 

5:  
5: 

9 for storage of chromtogram heights, %9 + Rg. 

a) CpC Calibration CLXX sloR (b) , for calculation of Mu's. 
b) Cumnulati= % (during p.wD calculation) . 
Vel, in i t ia l ly  set t o  elution volm €OK which H. # 0. 

1 
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DATA REDUCTION I N  GPC 419 

R3: GEC Calibration curve intercept (a). 

R4: MWi. 

R5: C (MWi x Hi). 

Rs: C(Hi i mi). 

R.,: C Hi. 

%: Ve correction from internal standard, (first run - current run). 

5 to %9: Chromatogram heights, starting at %9 for first non- 
zero H i' 

The GFC program can be summarized as follows: 

STEP NO. to STEP NO. FUNCTION 

1 11 Generate mi. 
12 

14 

13  If last Hi = 0, then calculate bW, Mn, 
and bW/E.ln (Subroutine 1). 

Store Hi in R29 + Rg, by using indirect 
address "i". 

15 CHi. 

16 17 mi x Hi, and C (mi x Hi). 

and C(Hi + mi). 18 21 H. i MW. 
1 1' 

22 

26 

31 

32 

44 

25 &mry register automatic decremnt, 
frm %9 + Rg. 

30 Autorratic counter. Permits selection 
of specific time intervals for which 
Hi's will be collected. 

Return to Subroutine 2, to calculate 
next mi, if Hi # 0. 

43 Calculate ?&J, WI, and Mw/Mn, and 
display each. 

48 Reset indirect address, to star t  cal- 
culation of % polyrrer and % CUmTIcil- 

ative distribution. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



420 NAVAS 

STEP NO. t o  STEP NO. FUNCTION 

49 61  Calculate % p l p r  and % cmnnulative. 
62 65 If register is Rg, go to Subroutine 8 

and enter excess H i ' s  m u a l l y  (if > 

20 heights). 

66 67 If register is > Rg, then decrmt 
register n&r, and continue with 

calculation. 

68 

72 

If  register = R9, enter excess H . ' s  
1 

71 

manually. 

75 Correction t o  Ve, due t o  flow rate 
variations. 

RESULTS: APPLICATION OF THE Bc PIioGRAM TO NBS 706 & PS 110,000 

As Table 2 shows, excellent agreement between the calculator- 
generated mlecular weights and the published mlecular wights 
was obtained. 
what, since no mrrections for dispersion were made; 

The n-r average mlecular wights  are off m- 

TABLE 2. 

Calculator-Generated Mleculax Weights: NBS 706 & PS 110,000 

E rn - ?!.YE? 

NBS 706 (GFC): 256,990 119 , 997 2.14 
257, 800a 136 , 5OOb 

259 , 464d 124 , 789d 2.  08d 

PS 110,000 (GFC) : 112,376 103,601 1.08 
110,000c 111,000b 
116 , 447d 106 , 447a 1.09d 

a: 

b: NBS value f r o m  osmxnetry. 
c: GFC peak rrolecular wight,  from Waters Associates. 
d: F m  S i w - 1 0  GFC System (Perkin-Eln-er Data System), in our 

NBS value from l ight  scattering masurmts. 

laboratory 
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DATA REDUCTION I N  GPC 421 

The calculation tire per sample, including ChKXMtogran hand- 

Tables 3 and 4 show the worksheets used t o  calculate the mle- 
ling, is between t en  and fifteen minutes. 

cular weights and m. 
Init ia l ly ,  only Ve and Mi make up the tables. H i ' s  are 

obtained from the Gel Permeation chramatogram, and the GFC Program 
generates the % polymer and % cmtmlative values. As these tables 
also illustrate, the data point interval can be changed readily, 
t o  accmmdate various polydispersities. 

NBS 706 

Ve, ml. 

22.00 

22.67 

23.33 

24.00 

24.67 

25.33 

26.00 

26.67 

27.33 

28.00 

28.67 

29.33 

30.00 

30.67 

31.33 

32.00 

32.67 

33.33 

34.00 

34.67 

H. 
-1 
0- 

0.8 

4.2 

9.5 

16.5 

23.7 

28.9 

30.3 

27.3 

21.6 

14.1 

8.3 

5.1 

3.5 

2.4 

1.4 

0.8 

0.4 

0.2 

0.0 

Ei 
1,779,262 

1,301 , 794 

952,455 

696,861 

509 , 857 

373,036 

272 , 931 

199,689 

146 , 102 

106 , 896 

78 210 

57 , 222 

41,866 

30,584 

22 , 411 

16 , 397 

11 997 

8,778 

6,422 

4 I 699 

% polymer 
0.00 

0.40 

2.00 

4.17 

8.29 

11.91 

14.52 

15.23 

13.72 

10.85 

7.08 

4.17 

2.56 

1.76 

1.21 

0.70 

0.40 

0.20 

0.10 

0.00 

% cumulative 
0.00 

0.40 

2.51 

7.29 

15.58 

27.49 

42.01 

57.24 

70.95 

81.81 

88.89 

93.07 

95.63 

97.39 

98.59 

99.30 

99.70 

99.90 

100.00 

100.00 
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422 NAVAS 

TABm 4. 

PS 110,000 

Ve, ml .  

26.00 

26.33 

26.67 

27.00 

27.33 

27.67 

28.00 

28.33 

28.67 

29.00 

29.33 

29.67 

30.00 

30.33 

30.67 

H.  

0 

0.4 

2.2 

6.8 

14.7 

22.5 

25.1 

20.2 

12.0 

5.4 

2.2 

0.8 

0.3 

0.1 

0.0 

-1 - Ei - 
272 , 931 

233,455 

199 , 689 

170,807 

146,102 

124,971 

106 I 896 

91,435 

78 , 210 

66 I 898 

57,222 

48 , 946 

41,866 

35,811 

30 , 631 

% polymer 

0.00 

0.35 

1.95 

6.03 

13.04 

19.96 

22.27 

17.92 

10.65 

4.79 

1.95 

0.71 

0.27 

0.09 

0.00 

% curmrulative 

0.00 

0.35 

2.31 

8.34 

21.38 

41.35 

63.62 

81.54 

92.19 

96.98 

98.94 

99.65 

99.91 

100.00 

100.00 

Although the Bc program is written t o  accept a large n d r  
of data points, the interval mst be varied to keep the number of 
points between twenty and thirty. 
weight averages are desired, regular data entry is required. 
for a n&r of data points greater than twenty, mual re-entry 
of each Hi in  excess of twenty must be done i f  the MWll is desired. 

As Table 2 shows, the nwlber average mlecular weights differ  
m w h a t  from published values. Howsverl as long as the GFC w r k  
is done on a conparative basis, obtaining a perfect mtch for m, 
Mn, and Iviw/Ph is not necessary. 
provides comparative MKJ data which has been e x t m l y  useful in 
differentiating tlgood" lots from "had" lots of polymers. 

So long as only the mlecular 
But, 

The Bc program presented here 
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DATA REDUCTION IN GPC 423 

CONCLUSIONS 

It has k e n  sham that a pocket programMble calculator is a 

versatile and convenient tool in the reduction of Gel P e r n a t i o n  

chromatography data. 
as a back-up for ex is t ing  laboratory m i n i c a p t e r s ,  or as a t o t a l l y  

portable system. 

use on n e w r ,  mre powerful calculators such as t h e  HP-41C, on 
which dispersion correction subroutines could be e a s i l y  performed. 

The short  program presented here can be used 

The GPC program could be n-cdified slightly for 
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