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EVALUATION OF POLYTRIPHENYLMETHYL 
METHACRYLATE FOR FOOD PACKAGING BY 
DETERMINING INTERACTIONS USING HPLC 

AMIUK L. AND CHI-TANG €I& 

341 Kaph Drive 
FairjW& New Jersey 07004 

2Lkpment of Food Science, Cook Coaege 
NewJerseyAgkuhmlEp&nentStatiOn 
Ru@m, the State Univlersiry of New J m . y  

Nav Brunnviek; New Jersey 08903 

~ W h a h n a n S p e c i a l t Y ~ I n c .  

ABSTRACT 
Polytriphenylmethyl methacryl ate was evaluated for food 

packaging by determining interactions with food components such as 
ascorbic acid, niacin, phenylalanine and caffeine. The polymer was 
covalently bonded on silica surface by polymerizing monomer of the 
same with vinylic bonded silica gel. Food based solvent like water 
was used as a mobile phase. Enthalpy of sorption data were used to 
determine mechanism of interactions. Other thermodynamic parame- 
ters such as Gibb's free energy and activity coefficient were used 
to determine magnitude and kind (weak or strong) of interactions. 
Suitability of the polymer for packaging food system containing 
ingredients under investigation was determined from activity 
coefficient values . 

I WTROWCTION 
It is important to evaluate a packaging material as migration 

of residual substances from packaging into food or of the nutrients 
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1972 KHURANAANDHO 

from food i n t o  the packaging matr ix can cause problems. For 
example, the loss  o f  orange f l avo r  from orange j u i c e  stored i n  a 
p l a s t i c  b o t t l e  i s  a common consumer complaint. The s u i t a b i l i t y  o f  
a polymeric material f o r  packaging food and drugs can, therefore, 
be determined by studying i t s  in te rac t ion  w i th  various food 
components. Inverse gas chromatography has been used t o  examine 

in te rac t ion  o f  v o l a t i l e  food components w i th  packaging mater ia ls 
(1-2). HPLC has been exploi ted t o  invest igate in te rac t ion  o f  
nonvolat i le polymers such as polyvinyl  alcohol w i th  food ingredi-  
ents (3 ) .  Thermodynamic parameter such as enthalpy o f  adsorption, 
was used t o  conduct such study. During the present investigation, 
use o f  HPLC has been fu r the r  extended t o  examine in te rac t ion  o f  a 
polymeric material such as polytriphenylmethyl methacrylate and 
evaluate i t  f o r  food packaging by using thermodynamic parameters 
such as enthalphy of adsorption, Gibb's f ree  energy and a c t i v i t y  
coe f f i c ien t .  The polymer was imnobil ized on s i l i c a  support by 
polymerizing the monomer o f  the same on v iny l  bonded s i l i c a  gel. 
I n  the previous studies (3 ) ,  polyvinyl  alcohol was imnobil ized by 
react ing the same w i th  glycidoxy propyl bonded s i1  i ca  support. 

EXPERIMENTAL 
M a t e r i  a1 s 

Ascorbic acid, niacin, phenylalanine, caffeine, phenol, sodium 
peroxide, tri phenyl methyl methacryl ate and v iny l  dimethyl ch l  oro- 
s i lane were purchased from A ldr ich  Chemical Co. (Milwaukee, WI). 
Spherical s i l i c a  was obtained from Whatman Specialty Products, Inc. 
(Fa i r f ie ld ,  NJ). 
PreDaration o f  Packina Mate ri a1 

Vinyl bonded s i l i c a  (A) was obtained by react ing 409 o f  
spherical s i l i c a  w i th  l l g  o f  vinyldimethylchlorosilane i n  toluene 
a t  7OoC. 

Polytriphenylmethyl methacrylate bonded phase was synthesized by 
react ing 2.5 g o f  triphenylmethyl methacrylate w i th  10 g o f  v iny l  
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bonded s i l i c a  (A) i n  ace ton i t r i le  a t  8OoC using 0.6 g o f  sodium 
peroxide as a catalyst. The f i n a l  product was extracted wi th  
chloroform i n  Soxhlet apparatus t o  remove excess o f  unattached 
polylner from s i l i c a  surface. The product was fur ther  treated wi th  
tr imethylchlorosi lane a t  80% t o  cap residual si lanols. 

The column was packed by s lur ry ing the bonded phase i n  methanol 
and applying 5000 ps i  pressure. 
Sam1 e PreDarat i on 

The so lut ion o f  ascorbic acid, niacin, phenylalanine and 

caffeine were prepared by dissolving 20 mg o f  the same i n  20 m l  o f  
water. 

!iEwhbh 
HPLC analysis was performed by using a variable wavelength UV 

detector, Spectroflow m n i  t o r  SF-770 (Kratos Analytical, Ramsey, 
NJ); a programable solvent del ivery system, Series 38 (Perkin- 
Elmer Corp., Nomalk, Conn.); a manual in jec t ion  valve, wi th  50 r l  

loop (Valco Instruments Co., Houston, TX) and a chart recorder 
(Laboratory Data Control, Riviera Beach, FL). The column was run 
by using water as a mobile phase. Phenol was used as a reference. 
The enthalpy changes were determined from the slope o f  the p l o t  o f  
1nK' vs 1/T by using the equation 1 (4-8) 

l n  K' = AHo/RT - bS/R + In6 (Eq. 1) 
Here K' = capacity factor, T = column absolute temperature, AHo 

= standard enthalpy change on t ransferr ing a solute from the 
stat ionary phase, AS = standard entropy change and + i s  the phase 
ra t i o .  

The equation 2 and 3 were used t o  determine thermodynamic 
parameters such as AG o r  Gibb's free energy and y, the a c t i v i t y  
coe f f i c ien t  (9-10). 

AG - AH0 - TAS 
AG = - RT lny 

(Eq. 2) 
(Eq. 3) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1974 

1 nK' 

1.30 

1.16 

0.96 

0.90 

0.80 
0.7s 
0.70 

0.60 

0.20 
0.16 

0.10 
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Caffeine 

ani ne 

Niacin 

3.4 in x 10' 2.9 3.0 3.1 3.2 3.3 

Fig. 1. Plots of 1nK' or  capacity factor  against 1/T i n  case of 
ascorbic acid, niacin, phenylalanine and caffeine. 
Here T i s  the column absolute temperature. Column: 
polytriphenylmethyl methacrylate-Partisphere 5 S i l  ica  
(25 x 4.6 mn, I.D.). Mobile phase: water a t  1 mL/min; 
L: 280 nm; sample size: 10 uL. 
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Table I. Enthalpy of sorption of ascorbic acid, niacin, phenyl- 
alanine and caffeine as derived from the plo ts  of 1nK' 
against 1/T. Column: Polytriphenylmethyl methacrylate 
i m b i l  ized silica. 

Cornponen t s AH' (K Cal/mle) 

Ascorbic acid 

Niacin 

Phenyl a1 ani ne 

Caffeine 

- 0.20 

t 0.40 

t 0.87 

t 0.18 

- 0  s i  0- 

0 
I 

I 
C$OH A B p 

0 
0 
2 

Fig. 2. Interaction of ascorbic acld and niacin with polytri- 
phenylmethyl methacryl ate surface. 
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- 0  s i  0- 

I 
0 

I 

Fig. 3 .  Interact ion o f  phenylalanine and caffeine w i th  p o l y t r i -  
phenylmethyl methacryl ate surface. 

RESULTS AND DISCUSSION 

It i s  possible t o  determine the nature o r  mechanism o f  
interactions, i .e. hydrogen bonding and hydrophobic etc. from AHo 
values (1-2). An exothermic adsorption process or  retent ion by 
hydrogen bonding i s  indicated from negative AHo values, I n  case 
o f  pos i t i ve  AHo values, an endothermic adsorption process o r  
hydrophobic interact ions i s  indicated (1-2). 
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1977 

I 1  I I 1  I 
0.6 2.6 ,15.0 0.6 4.0 27.8 

Fig. 4. Resolution on polytriphenylmthyl methacrylate-Parti - 
Sphere 5 Silica column (25 x 4.6 mn, 1.0.) at 40' C (A )  
and 70' C (B);  Mobile phase: water at 1 ml/min; bx: 
280 nm. 1. ascorbic acid, 2. niacin, 3. phenylalanine, 
4. caffeine. 

The magnitude or kind (weaker or stronger) o f  interactions can be 
determined from activity coefficient values. The higher y values, 
i.e. 1 or more than 1 will indicate the weaker interactions while 
the lower y values such as 0.9 or less than 0.9, determine the 
existence of stronger surface interactions (9-10). 

Figure 1 shows the 1nK' against temperature plots o f  the probes 
and AH' values derived from the slopes of these plots are shown in 
Table I. 
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AS 
0.801 - 

0.721 - 

0.578 . 
0.560 ' 

0.489 I 

0.463 - 
0.415 - 

0.146 ; 
0.116 
0.106 
0.083 
0.076 
0.052 

0.000 

KHURANAANDHO 

Ascorbic acid 

; Niacin 

I I 

20 30 40 50 60 70 Temperature ("C) 

Fig. 5. Plot of AG'S against temperature in case o f  ascorbic 
acid, niacin, phenylalanine and caffeine. Column: 
polytriphenylmethyl methacryl ate-Partisphere 5 Sil ica 
column (25 x 4.6 mn, I . D . ) .  
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0.923 
0.900 
0.870 
0.860 
0.836 
0.819 
0.800 

Phenyl a1 ani ne I 
0.540 

0.477 
0.458 

0.407 
0.382 

0.313 

0.266 
I 1 1 

20 30 40 50 60 70 Temperature ('C) 

Fig. 6. Plot of activity coefficient 7 against 1/T in case of 
ascorbic acid, niacin, phenylalanine and caffeine. 
Column: pol ytriphenylmethyl methacryl ate-Part 1 5  Sphere 
Silica column (25 x 4.6 mn, I.D.). 

The negative AHo value in case o f  ascorbic acid shows an 
exothermic adsorption process which indicates the involvement of 
polar group such as -OH etc. to form hydrogen bond with the 
surface. The positive value in case of rest of the components 
shows an endothermic adsorption process which indicates their 
retention due to hydrophobic mechanism. A possible projection of 
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1980 KHURANAANDHO 

the interaction of these probes is shown in Figures 2 and 3. 
Ascorbic acid is retained through hydrogen bond formation between - 
OH and -C=O groups of ascorbic acid and surface respectively. The 
other components i .e. niacin, phenylalanine and caffeine are 
interacting through hydrophobic forces. 

Figures 4A and 48 represent resolution of various probes on 
polytriphenylmethyl methacrylate bound silica column at 4OoC and 
7OoC. Caffeine shows more change in retention time as compared to 
other components. The higher retention time of caffeine at various 
temperatures indicates that it has more surface interaction than 
the rest of components under investigation. The higher AG values 
(Fig. 5) of caffeine confirm the fact . The AG value decreases 
rapidly with the change of temperature which shows that interaction 
in case of caffeine is affected more with the change of temperature 
as compared to the other components. 

Figure 6 shows the activity coefficient plots on polytriphenyl- 
methyl methacrylate bound silica surface. All these components 
have values either 0.9 or less than 0.9 which indicate their 
stronger surface interactions. It is clear from 7 values that 
change in interaction is more pronounced in case of caffeine and 
phenylalanine. The stronger interaction of all these components 
indicates that these ingredients will migrate from food into the 
packaging matrix of polytriphenylmethyl methacryl ate, therefore, it 
is unsuitable to be used as a packaging material for food systems 
containing all or any of these ingredients under investigation. 
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