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USE OF GEL PERMEATION CHROMATOGRAPHY I N  THE CRIME LABORATORY 

W. W. McGee 
Forensic  Science Program 

F l o r i d a  Technological  Un ive r s i ty  
Orlando, F l o r i d a  32816 

K. Coraine, J .  S t r i m a i t i s  
Waters Associates ,  Inc.  

Milford,  MA 01757 

ABSTRACT 

In t h i s  s tudy ,  t h e  ways i n  which GPC can be i n t e g r a t e d  i n t o  
t h e  crime l abora to ry ' s  p re sen t  a n a l y t i c a l  scheme f o r  polymer 
products  w i l l  be  examined. F inge rp r in t  chromatograms and chro- 
matograms i l l u s t r a t i n g  molecular weight determinat ion of two 
types of commonly encountered phys ica l  evidence ( f i b e r s  and t d i l  
l i g h t  l e n s e  fragments) w i l l  b e  compared and discussed.  
niques involved i n  sample p repa ra t ion  and d a t a  i n t e r p r e t a t i o n  w i l l  
be given. 
crime l abora to ry  w i l l  be presented.  

The tech- 

F i n a l l y  t h e  p o t e n t i a l  advantages of GPC f o r  u s e  i n  t h e  

INTRODUCTION 

When s tudying a polymer, polymer s c i e n t i s t s  r o u t i n e l y  use GPC 

( g e l  permeation chromatography) t o  estimate t h e  molecular weight 

and t h e  molecular weight d i s t r i b u t i o n  of t h e  polymer i n  ques t ion .  

In f a c t ,  GPC has  become t h e  method of choice in numerous cases f o r  

measuring these  polymer p rope r t i e s .  Current  l i t e r a t u r e  con ta ins  

d e t a i l e d  d e s c r i p t i o n s  of t h i s  type of a p p l i c a t i o n  ( 1 , 3 ) .  GPC has 

a l s o  found ex tens ive  use a s  a q u a l i t y  c o n t r o l  technique f o r  monitoring 

a wide v a r i e t y  of parameters r e l a t e d  t o  t h e  manufacture of f i n i s h e d  

polymer products.  GPC has been used t o  monitor parameters  such as the 
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288 MC GEE, CORAINE, AND STRIMAITIS 

v a r i a t i o n  i n  molecular weight of polymer during a product ion run ,  and 

v a r i a t i o n s  i n  concentrat ion of polymer, dye o r  c o l o r a n t ,  a n t i o x i d a n t  

and p l a s t i c i z e r  as they relate t o  a ''good'' o r  "bad" f i n i s h e d  polymer 

product ( 2 , 3 , 4 , 5 ) .  

These a p p l i c a t i o n s  of GPC should be of p a r t i c u l a r  i n t e r e s t  t o  

c r i m i n a l i s t s  because a wide v a r i e t y  of polymer p roduc t s  are r o u t i n e l y  

encountered i n  t h e  trace evidence s e c t i o n  of a crime l abora to ry .  

i tems as s y n t h e t i c  f i b e r s ;  t ape  - i n  t h e  form of f i r s t  a i d ,  wrapping, 

masking or  e l e c t r i c a l  tape;  f i l m  wrapping materials o r  bags;  p a i n t  and 

p a i n t  chips;  grease and o i l ;  rubber  o r  rubber- l ike products ;  and auto- 

mative p a r t s  such as bumpers, g r i l l s ,  t a i l - l i g h t  l e n s e s ,  and window 

and door moldings a r e  j u s t  a few of t h e  types of  polymer products  found 

i n  case work a s soc ia t ed  with suspec t  c r imina l  ac t ions .  For t h e  cr iminal-  

i s t ,  a n a l y s i s  of t h i s  type of trace evidence can be  f r u s t r a t i n g  because 

many of t he  i t e m s  encountered are mass produced and, as such, tend t o  

be nea r ly  homogeneous i n  composition wi th in  a given "batch" of product .  

To complicate t h e  s i t u a t i o n ,  s u i t a b l e  manufacturer r e f e r e n c e  s t anda rds  

normally a r e  no t  a v a i l a b l e .  Perhaps the most d i f f i c u l t  problem t h e  

c r i m i n a l i s t  f aces  i s  one r e l a t e d  t o  t h e  o r i g i n  of  t h e  p a r t i c u l a r  polymer 

product under examination. The ques t ion  t h e  c r i m i n a l i s t  must answer is, 

" t o  what extent"  do t h e  p r o p e r t i e s  of t h e  quest ioned f i b e r  sample found 

( f o r  example) i n  t h e  s u s p e c t ' s  c a r  match those  c o l l e c t e d  from t h e  victim's 

c lo th ing?  

Such 

Comparative analyses  r equ i r ed  t o  answer t h i s  ques t ion  can be  very 

time-consuming, because they u s u a l l y  involve c o l l e c t i n g  d a t a  from a wide 

v a r i e t y  of chemical and in s t rumen ta l  sources .  Once the d a t a  concerning 

the  p a r t i c u l a r  type of phys i ca l  evidence has  been c o l l e c t e d ,  the crimi- 

n a l i s t  must s i t  down and i n t e r p r e t  i t .  The success  o r  f a i l u r e  of t h i s  

i n t e r p r e t a t i o n  rests, i n  many i n s t a n c e s ,  upon t h e  range and v a r i e t y  of 
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GPC I N  CRIME LABORATORY 

data  col lected and the experience of the c r imina l i s t  i n  working with 

t h i s  type of physical  evidence. 

necessary f o r  a successful  in te rpre ta t ion .  

Both aspects  of the  ana lys i s  a r e  

In  t h i s  study, we w i l l  examine the ways i n  which GPC can be 

integrated i n t o  the  crime labora tory ' s  present  a n a l y t i c a l  scheme 

f o r  polymer products. "Fingerprint" chromatograms and chromatograms 

i l l u s t r a t i n g  molecular weight determinations from two types of commonly 

encountered physical  evidence ( f i b e r s  and t a i l - l i g h t  lense fragments) 

w i l l  be compared and discussed. The technique involved i n  sample 

preparat ion and d a t a  i n t e r p r e t a t i o n  w i l l  be  given. F ina l ly ,  the  

p o t e n t i a l  advantages of GPC f o r  use i n  the crime laboratory w i l l  be 

presented. 
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EXPERIMENTAL 

1. Polymer Samples 

A. Fiber Samples 

Samples of ace ta te ,  polyamide, and a c r y l i c  f i b e r s  were se lec ted  

Two a t  random from c lo th  samples ava i lab le  from l o c a l  f a b r i c  shops. 

samples of blue ace ta te  f i b e r s  were chosen s p e c i f i c a l l y  f o r  t h e i r  

s i m i l a r i t i e s  i n  appearance and o p t i c a l  propert ies .  

of one type of ace ta te  f i b e r  were obtained from a s ingle  b o l t  of mater ia l  

over a period of three months. 

Addit ional  samples 

B. T a i l  Light Lenses 

Two hundred fragments from turn s igna l  and t a i l  l i g h t  lenses w e r e  

Every e f f o r t  col lected a t  random from cars  found a t  a l o c a l  junk yard. 

was made t o  record make, model, and year of the car  from which the  lense 

fragment was col lected;  however, i n  some instances,  the  ex ten t  of damage 

or decay of the  car  body prevented accurate i d e n t i f i e a t i o n .  Red, yellow 

and c l e a r  (white) lenses w e r e  col lected.  
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290 MC GEE, CORAINE, AND STRIMAITIS 

2. Sample P repa ra t ion  

Sample s i z e  was chosen i n  such a f a sh ion  a s  t o  b e  cons i s t en t  with 

t h e  s i z e  of t r a c e  evidence samples normally encountered i n  t h e  crime 

laboratory and cons i s t en t  with t h e  s i z e  of sample used i n  GPC analyses .  

Sample concentrat ion ranged from 0.25-0.50% ( i .e . ,  5-10 mg/2.00 ml) i n  

a l l  cases  i n  t h i s  study. S i ze  of sample i n j e c t e d  ranged from 20 t o  

100 1 1 1  depending upon t h e  p a r t i c u l a r  polymer product under examination. 

All samples were dissolved i n  an appropr i a t e  so lven t ,  f i l t e r e d  (0 .45 jlm 

f i l t e r ) ,  and analyzed a s  soon as p o s s i b l e  gene ra l ly  wi th in  2 hours. 

Incons i s t en t  r e s u l t s  w e r e  obtained i f  t h e  dissolved polymer samples were 

allowed t o  s i t  f o r  more than one day between analyses .  

made t o  d i s so lve  t h e  sample i n  THF ( t e t r ahydro fu ran ) .  THF w a s  used t o  

d i s so lve  a c e t a t e  f i b e r  and t a i l  l i g h t  samples; dimethylformamide and 

hexafluoroisopropanol were used t o  d i s s o l v e  a c r y l i c  and polyamide samples 

r e spec t ive ly .  

3 .  Solvents/Flow Rate 

Every at tempt  was 

Tetrahydrofuran (Burdick and Jackson),  2.0 ml/min., was used as the 

mobile phase i n  t h i s  study. 

4 .  Columns 

A l l  columns used i n  t h i s  s tudy were 1iStyragel GPC columns obtained 

from Waters Associates ,  Milford,  Massachusetts.  

A. "High Bank": Exclusion Limits :  lo6, lo5, l o 4 ,  lo3  & 5001 (nominal) 

B.  "Low Bank": Exclusion Limits:  l o3 ,  2 x 500, & 1006: (nominal) 

C .  "Quick Screen": Exclusion L i m i t s :  2 x 100s (nominal) 

Each bank of columns w a s  c a l i b r a t e d  using high p u r i t y  hydrocarbons 

( f o r  t h e  l o w  molecular weights) o r  narrow range polystyrene c a l i b r a t i o n  

s tandards (high molecular weights) .  Polystyrene s tandards were obtained 

from Waters Associates ,  Milford,  Massachusetts.  
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291 GPC I N  CRIME LABORATORY 

5. Equipment 

Waters Associates  Model 244 Liquid Chromatograph c o n s i s t i n g  of a 

U6K I n j e c t o r ,  Model 6000A pump, Model 440 UV d e t e c t o r  (254nm), and Model 401 

Ref rac t ive  Index Detector .  

Recorder: Texas Instruments  Servo R i t e r  XI (dua l  pen) .  

RESULTS 

1. "Fingerprint"  Chromatogram Comparisons 

Samples of acetate, polyamide, and acrylic f i b e r s  were prepared 

and chromatographed on t h r e e  banks of columns. An i l l u s t r a t i o n  of t h e  

type of d a t a  obtained i n  t h i s  s tudy f o r  t h e  f i b e r s ,  one that should 

be  of p a r t i c u l a r  i n t e r e s t  t o  the c r i m i n a l i s t  is shown i n  F igure  1. The 

two chromatogram were produced from two b l u e  acenate f i b e r s  ( t e r r y  and 

t a f f e t a )  which had remarkably similar o p t i c a l  p r o p e r t i e s .  F i b e r s ,  when 

sepa ra t ed  from each ma te r i a l ,  "looked" n e a r l y  i d e n t i c a l  i n  c o l o r ,  c o l o r  

dens i ty ,  and diameter .  This  remarkable s i m i l a r i t y  w a s  confirmed by 

immersing the  f i b e r s  i n  r e f r a c t i v e  index l i q u i d  g5 = 1.476. The inhe ren t  

c o n t r a s t  of t h e  f i b e r s  and the  c o n t r a s t  of t h e  Becke l i n e  i n  t h i s  l i q u i d  

were ve ry  similar. When viewed under crossed p o l a r s  w i th  a red p l a t e ,  

t h e  f i b e r s  showed almost i n d i s t i n g u i s h a b l e  i n t e r f e r e n c e  c o l o r s .  A t  t h i s  

p o i n t ,  and without  f u r t h e r  t e s t i n g ,  t h e  c r i m i n a l i s t  might be tempted t o  

make a s ta tement  concerning t h e  s i m i l a r i t y  of t h e  two f i b e r  samples. 

When viewed i n  a " f inge rp r in t "  comparative n a t u r e ,  however, t h e  GPC 

chromatograms i n  F igu re  1 show d i s t i n c t  d i f f e r e n c e s  i n  t h e  dye (small  

molecule-low molecular weight) region of t h e  GPC chromatogram. This  

d i f f e r e n c e  w a s  confirmed by c o l l e c t i n g  t h i s  f r a c t i o n  of  t h e  sample and 

scanning t h e  v i s i b l e  spectrum on a recording spectrophotometer .  Figure 

2 r e i n f o r c e s  (with v i s i b l e  s p e c t r a )  t h e  d i f f e r e n c e s  between t h e  samples 

which were o r i g i n a l l y  de t ec t ed  i n  t h e  GPC chromatograms. The GPC chromato- 
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292 MC GEE, CORAINE, AND STRIMAITIS 

CONDITIONS: 

CONCENTRATION: 0.25% 

COLUMNS: 2 x 100 A pSTYRAGEL 
"QUICK SCREEN" 

SOLVENT: THF 

FLOW RATE: 2 mllmin 

INJECTION SIZE: 25 1.11 254 nm 
0.02 AUFS I 

Blue Taffeta Acetate Blue Terry Acetate 

F I G U R E  1 

Q U I C K  SCREEi i  CHROMATOGRAM OF B L U E  ACETATE:  " F I N G E R P R I N T  COMPARISON" 

Blue Taffeta Acetate 

Blue Terry Acetate 

I I 
350 wavelength (nm) 700 

FIGURE 2 

D Y E  F R A C T I O N  COLLECTED FROM B L U E  ACETATE FIBERS: VISIBLE SPECTRA 
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GPC I N  CRIME LABORATORY 293 

grams of t h e  a c e t a t e  f i b e r s  analyzed with t h e  t h r e e  banks of columns d id  

not r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  i n  polymer molecular weight o r  molecular 

weight d i s t r i b u t i o n .  

confirmed by c o l l e c t i n g  the  polymer f r a c t i o n  (high molecular weight) of 

t h e  sample, pyrolyzing i t ,  and comparing p y r o l y s i s  gas chromatograms. 

The py ro lys i s  chromatograms obtained f o r  t h e  two a c e t a t e  f i b e r s  a r e  

shown i n  Figure 3.  GPC chromatograms f o r  40 d i f f e r e n t  a c e t a t e ,  polyamide, 

and a c r y l i c  f i b e r s  were obtained using a l l  t h r e e  banks of columns. 

2. Molecular Weight Determinations 

This s i m i l a r i t y  i n  polymer composition was f u r t h e r  

Solut ions of red,  yellow and c l e a r  t a i l  l i g h t  and t u r n  s i g n a l  

l e n s e s  were prepared and chromatographed on t h e  t h r e e  banks of columns. 

Figure 4 shows a " f inge rp r in t "  comparison of GPC chromatograms from s i x  

randomly s e l e c t e d  red t a i l  l i g h t  l enses .  

CONDITIONS: 

He FLOW: 

COLUMN: 

PROGRAM TEMP: 

SAMPLE WEIGHT: 

PYROLYSIS: 

H2 ._ F.I.D. 

60 c h i n  

OV - 1 (3%. 6 M.) 

7OoC (2 min. hold). 
200OC (2 min. hold) 

40 pg TAFFETA 
48 1.19 TERRY 

1 ooooc - 2 Sec. 

Blue Taffeta Acetate 

Rh 
*.. .. 1 ''W . . ... . 

U 

FIGURE 3 

PYROLYSIS G,C,  : POLYIER FRACTION COLLECTED FROM BLUE ACETATE FIBERS 
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CONDITIONS: 

CONCENTRATION: 0.25% 

MC GEE, COWINE, AND STRINAAITIS 

COLUMN: 2 x 100 A pSTYRAGEL 
"QUICK SCREEN" DYE FRACTION 

SOLVENT : TH F 

FLOW RATE: 2 rnltrnin 

INJECTION SIZE: 25 pl 

254 nm 
.02 AUFS 

FIGURE 4 

QUICK SCREEN CHROMATOGRAM OF RED T A I L  LIGHT LENSES 

The apparent s i m i l a r i t y  i n  t h e  low molecular weight dye f r a c t i o n s  

w a s  r e in fo rced  by c o l l e c t i n g  t h i s  f r a c t i o n  of t h e  sample ( a s  i nd ica t ed  i n  

Figure 4 )  

However, t he  v a r i a t i o n s  i n  peak h e i g h t  r a t i o s  of t h e  h ighe r  molecular weight 

components provided a b a s i s  f o r  d i sc r imina t ing  between t h e  samples. V i s i b l e  

s p e c t r a  f o r  two t a i l  l i g h t  l e n s e s  are shown i n  Figure 5. Var ia t ions  i n  t h e  

molecular weight of t h e  polymer i n  t h e  t a i l  l i g h t  l e n s e  fragments were 

de tec t ed  using t h e  "High" bank of columns. The "molecular weight" chromato- 

grams f o r  t h e  s i x  fragments are shown i n  F igu re  6 .  A molecular weight scale 

is superimposed above t h e  peaks i n  Figure 6. The d i f f e r e n c e s  i n  molecular  

weights f o r  polymer samples shown i n  Figure 6 were no t  de t ec t ed  i n  the  IR 

s p e c t r a  of t h e  polymer f r a c t i o n s  c o l l e c t e d  from t h e  s i x  GPC runs .  The six 

and scanning t h e  v i s i b l e  spectrum on a recording spectrophotometer .  
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GPC IN CRIME LABORATORY 295 

L Red Tail Light No. 4 

350 wave length (nm) 700 

FIGURE 5 

DYE FRACTION COLLECTED FROM RED T A I L  LIGHT LENSES: VISIBLE SPECTRA 

CONDITIONS: 

CONCENTRATION: 0.25% 

COLUMNS: "Hi Bank" (lo6, lo5, lo4, 
103,500 A ,  p ~ ~ ~ ~ ~ ~ ~ ~ )  

SOLVENT: TH F 

FLOW RATE: 2 mllmin 

DETECTION: 4X R I  

INJECTION SIZE: 200 fil 

9.9K 1 8 K  3 5 K  lOOK 5 0 0 K  
l l l I l l l l l J  

FIGURE 6 

110LECULAR WEIGHT DETERMINATION: POLYMERS OF S I X  RED T A I L  LIGtlT LENSES 
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296 MC GEE, CORAINE, AND STRXMAITIS 

GPC chromatograms shown i n  F igu re  6 are r e p r e s e n t a t i v e  of t hose  from the  

200 t a i l  l i g h t  fragments analyzed. 

DISCUSSION 

When consider ing the  i n t e g r a t i o n  of GPC i n t o  e x i s t i n g  crime l a b o r a t o r y  

procedures f o r  polymer products ,  t h e  c r i m i n a l i s t  should f i r s t  become f i m i l i a r  

with t h e  b a s i c  p r i n c i p l e s  of GPC, i n t e r p r e t a t i o n  of chromatograms and gener- 

a t i o n  of molecular weight d a t a ,  and sample handl ing techniques.  Since 

most c r i m i n a l i s t s  w i l l  use  t h e  technique i n  a comparative way, ( i . e . ,  

by comparing GPC chromatograms of questioned and known samples) i n  o rde r  

LO make s ta tements  concerning t h e  o r i g i n  of t h e  samples,  t h e  c r i m i n a l i s t  

must have knowledge of and confidence i n  t h e  ope ra t ion  of the GPC system. 

One way t o  ga in  t h i s  confidence i s  by c a l i b r a t i n g  a l l  banks of 

columns using narrow range c a l i b r a t i o n  s t anda rds  according t o  e s t a b l i s h e d  

procedures ( 3 , 4 , 5 , 6 , 7 ) .  Once c a l i b r a t e d ,  t h e  columns should be  t e s t e d  

r e g u l a r l y  using f r e s h  c a l i b r a t i o n  s t anda rds  t o  a s s u r e  r ep roduc ib le  per- 

formance. C a l i b r a t i o n  w i l l  a l s o  f a m i l i a r i z e  t h e  c r i m i n a l i s t  w i th  t h e  

molecular weight performance range of each bank of columns. 

i n  t h i s  s tudy,  t he  "high" bank w a s  found t o  cover a molecular weight 

range of about 100 t o  1,000,000 and w a s  b e s t  s u i t e d  t o  r e so lv ing  most 

components i n  a f i n i s h e d  polymer product.  

covered a narrow molecular weight range of molecules (100 t o  about 1,000) 

but  w i th  b e t t e r  r e s o l u t i o n  of peaks.  This  bank of columns w a s  b e s t  s u i t e d  

t o  r e so lv ing  components i n  t h e  dye-additive package of t h e  f i n i s h e d  polymer 

product.  It should be noted t h a t  GPC chromatograms recorded us ing  t h e  

"high" and "low" banks w i l l  be a t  least 30 minutes long. 

bank of columns provides  adequate sepa ra t ion  between l a r g e  and small molecules 

and no more than approximately s i x  minutes a r e  r equ i r ed  t o  record a chromatogram. 

Recal l ing t h e  f i n g e r p r i n t  comparison between t h e  b l u e  f i b e r s ,  in t h i s  i l lus -  

For example, 

The "low" bank of columns 

The "quick-screen'' 
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t r a t i o n ,  enough information was a v a i l a b l e  from t h e  chromatogram t o  i n d i c a t e  

a d i f f e rence  i n  the  dye package f o r  t h e  two f i b e r  samples. 

Pe r iod ic  r e c a l i b r a t i o n  i s  e s s e n t i a l  f o r  making comparisons of polymer 

samples over an  extended per iod of time. 

composition of polymer-dyes-additives i n  one a c e t a t e  f a b r i c  was monitored 

over t he  l eng th  of one b o l t  of ma te r i a l .  

purchased over a t h r e e  month time per iod and analyzed. No s i g n i f i c a n t  

v a r i a t i o n s  i n  composition of polymer-dyes-additives or  molecular weight 

parameters of t h e  polymer was detected wi th in  t h i s  t i m e  frame. 

I n  t h i s  s tudy,  t h e  r e l a t i v e  

Samples cu t  from one b o l t  were 

Ca l ib ra t ion  a l s o  provides  t h e  c r i m i n a l i s t  with an e s t ima te  of a 

number of molecular weight r e l a t e d  parameters f o r  t h e  polymer i n  ques t ion .  

The number average molecular weight (%), weight average molecular weight 
- 

ca lcu la t ed  i n  o r d e r  t o  c h a r a c t e r i z e  t h e  polymer i n  ques t ion .  

f a c t o r  desc r ibes  t h e  broadness of t h e  molecular weight d i s t r i b u t f o n .  Such 

c h a r a c t e r i s t i c  information might prove u s e f u l  t o  t h e  c r i m i n a l i s t  when 

at tempting t o  make a comparison between two very similar looking (GPC 

chromatogram-wise) polymer samples (3 ,4 ,5 ) .  Ca lcu la t ions  a r e  s t r a i g h t -  

forward and computer programs a r e  a v a i l a b l e  t o  minimize t h e  time r equ i r ed  

t o  perform them (3,6,8).  

The he te rogene i ty  

I n  a d d i t i o n  t o  c a l i b r a t i n g  t h e  columns, t h e  c r i m i n a l i s t  should become 

f a m i l i a r  w i th  t h e  cu r ren t  s t a t e  of a r t  concerning t h e  e f f e c t s  of sample 

s i z e ,  flow rate, r eco rde r  accuracy, column arrangement, temperature,  and 

aging of columns on t h e  GPC chromatograms and t h e  subsequent i n t e r p r e t a t i o n  

and comparison of d a t a  (2-5, 7-14). 

This  d i scuss ion  of column c a l i b r a t i o n  and GPC ope ra t ing  parameters 

should not  discourage t h e  c r i m i n a l i s t  from i n t e r g r a t i n g  GPC i n t o  e x i s t i n g  

crime l ab  polymer ana lys i s  procedures.  

forward technique t o  l e a r n  and t o  use.  

GPC i s  a d i r e c t  and s t r a i g h t -  

Column s e l e c t i o n  and sample pre- 
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p a r a t i o n  a r e  no t  complicated (15).  

comparison of f i n g e r p r i n t  GPC chromatograms i s  d i r e c t .  Most polymer 

s c i e n t i s t s  use the  r e f r a c t i v e  index d e t e c t o r  f o r  t h e i r  polymer s t u d i e s .  

Since t h e  c r i m i n a l i s t  i s  i n t e r e s t e d  i n  a l l  a s p e c t s  of t h e  polymer-dye- 

a d d i t i v e  package i n  t h e  f i n i s h e d  polymer product ,  d a t a  from UV and f l u o r e s c e n t  

d e t e c t o r s  should be used i n  making comparisons of quest ioned samples. 

Unlike the  polymer s c i e n t i s t ,  t h e  c r i m i n a l i s t  normally has  l i m i t e d  

sample with which t o  work. When us ing  GPC i n  t h e  crime l a b ,  t h e  e n t i r e  

sample o r  s p e c i f i c  components of t h e  sample may be  co l l ec t ed  and used 

f o r  other a n a l y t i c a l  o r  in s t rumen ta l  techniques.  GPC is  a s e n s i t i v e  

technique. S e n s i t i v i t y  is a func t ion  of sample concen t r a t ion ,  d e t e c t o r  

type,  and the  mobile phase. I n  gene ra l ,  s e n s i t i v i t y  of  GPC i s  s u i t e d  

t o  the  s i z e  and/or q u a n t i t y  of t h e  sample encountered i n  t h e  c r i m e  l a b .  

Due t o  t h e  mechanism of GPC, t h e  technique is  very p r e d i c t a b l e ;  a GPC 

a n a l y s i s  has a d e f i n i t e  beginning (V,) and end (Vt). 

c a l i b r a t i o n ,  va r ious  molecular s i z e  s p e c i e s  w i l l  e l u t e  a t  p r e d i c t a b l e  

loca t ions  i n  t h e  chromatogram. F i n a l l y ,  GPC provides  information ( i . e .  

molecular weight parameters) about t h e  polymer sample under examination 

t h a t  is not access ib l e  through u s e  of o t h e r  chromatographic techniques.  

Once proper  p recau t ions  have been taken,  

And, by s u i t a b l e  

I n  conclusion, i t  is hoped t h a t  t h e  r e s u l t s  of t h i s  s tudy  and t h e  

subsequent d i scuss ion  will encourage c r i m i n a l i s t s  t o  cons ide r  t he  

i n t e g r a t i o n  of GPC i n t o  t h e i r  a n a l y t i c a l  procedures f o r  polymer products .  
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