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Compatibility of two homological series of photostabilizers: 2-hydroxy-
-4-n-alkoxybenzophenones (n = 1,2,4,8,12 and 18) and 2(2'-hydroxy-5'-
-n-alkylphenyl)benztriazoles (n = 1,2,4,8 and 12) with crystalline isotactic 
polypropylene has been studied by the method of melting point depression 
and isothermal crystallization, respectively. I t was found that with in
creasing number of carbon atoms in the alkoxy and alkyl chain of the 
stabilizers their compatibility with polypropylene improved. The values 
of the heat of fusion per repeating unit of polymer, AHn, prove to be for 
individual mixture in conjunction with the isothermal crystallization rate. 
The microphotographic observation of the mixtures confirms the increase 
of the mixture homogeneity along with the prolongation of the alkyl or 
alkoxy substituents of the photostabilizers. 

Recently [1] we pointed out the importance of knowing a compatibility of a low-
-molecular additive with a crystalline polymer when used as stabilizer against degrada
tion and ageing. In that paper we studied a compatibility of the above-mentioned series 
of 2-hydroxy-4-n-alkoxybenzophenones with crystalline polypropylene using the method 
of melting point depression. 

In this paper the method of melting point depression is enriched with the investigation 
of differences in the crystallization rate of a polymer due to the presence of additives. 
This makes possible to obtain the data about the compatibility of components in the 
system. On the other hand the microphotographic observation of the course of isothermal 
crystallization enables us to obtain a direct view of dispersion of particular u.v. stabilizers 
in polymer. 

Experimental 

Material and methods 

Crystalline polypropylene and 4-alkoxy derivatives of 2-hydroxybenzophenone 
(BPhCi-ie) were described previously [1]. A series of 2(2'-hydroxy-5'-tt-alkylphenyl)benz-
triazoles referred to as PhBTCi_i2, benzophenone (BPh), 2-hydroxybenzophenone 

*Presented at the meeting on "Thermodynamics of Ternary Polymeric Systems", 
Bratislava, 2 9 - 3 0 June, 1970. 
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(2-HOBPh) and 2(2/-hydroxyphenyl)benztriazole (2-HOPhBT) were supplied by the 
Research Department of the J . Dimitrov Chemical Works in Bratislava. 

For thermal measurements, a Perkin — Elmer Differential Scanning Calorimeter 
Model DSC-IB was used. Sample preparation and measurement conditions for the method 
of melting point depression were described previously [1]. In the case of isothermal 
crystallization, mixtures containing 20% (v/v) of stabilizer were used. Annealing time 
was 10 minutes at 513 K. All measurements were carried out under a nitrogen atmos
phere. Conditions of microphotographic observations were as follows: annealing time 
5 minutes at 190°C, cooling rate 4°C/min, nitrogen atmosphere. 

Results 

Interaction energy 

For the determination of interaction energy as a measure of compatibility in the system 
polypropylene —PhBTCi-12 was used Flory's equation of melting point depression [2] 

l / r m - 1/T,°n = RVU / _ BVlVl\ 9 

vi AHu Fi \ RTm / 

where ľ u is the molar volume of the polymer repeating unit, Vi the molar volume of the 
diluent, AHU the fusion heat of the polymer repeating unit (cal/r.u.), v\ the volume 
fraction of the diluent and В the interaction energy density for the solvent — solute pair. 
TJ}, and T m are the melting points of pure polymer and the mixture, respectively. 

The obtained values of fusion heat, AHU, of the polymer and of interaction energy В 
arc quoted in Table 1. 

Isothermal crystallization 

For checking the compatibility of diluents, pigments, and some polymers with isotactic 
polypropylene, Parrini and Corrieri [3] proposed, on the basis of dilatometric measure
ment of crystallization of these mixtures, the following ratio 

С = T0.5/T0.5 » 

where т0.- and TJ} 5 are the half-lives of crystallization of the mixture and the pure polymer, 
respectively. The authors assume that a "good" i.e., compatible diluent slows down 
the crystallization rate (G > 1) while an incompatible one either has no effect or causes 
an increase in the crystallization rate (G < 1). The ratio of half-lives of crystallization 
as a measure of compatibility has been used in this paper to characterize the particular 
pair polymer —stabilizer. However, these measurements were later supplemented by the 
determination of the ratio T0 9/TQ 9 i.e., the ratio of the times when 1/10 of the whole 
amount of sample underwent crystallization. The value то.9 makes possible to compare 
rationally the crystallization rates of mixtures of different composition, while the compli
cations connected with the differences in supercooling in dependence on the composition 
of mixtures are avoided when crystallization proceeds isothermally. The course of initial 
parts of isotherms best corresponds to simplified mathematical formulation of kinetics 
of phase changes regardless of the composition of mixtures ([4]; p. 282). 

Differential scanning calorimetry has many advantages compared to other methods 
of the study of isothermal crystallization (dilatometry, microscopy, and i.r. spectroscopy), 
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Table 1 

T h e d a t a of t h e h e a t of fusion a n d in terac t ion energy dens i ty 

for t h e used m i x t u r e s of photostabi l izers w i t h crystal l ine polypropylene 

Sample 
AHU 

[kcal m o l - 1 ] 
В 

[cal c m - 3 ] 

BPh -f I P P * 
PhBTCi + I P P 
PhBTC 4 + I P P 
PhBTCg + I P P 
P h B T C i + I P P 

0.95 
1.84 
1.19 
1.08 
1.93 

7.8 
5.2 
4.9 
4.6 

-1.4 

I so tac t ic polypropylene. 

n a m e l y small size a n d fast e s tab l i shment of t h e r m a l equi l ibr ium. T h e posit ive contr i

b u t i o n of t h e m e t h o d of i sothermal crystal l izat ion in compar i son w i t h t h a t of mel t ing 

po int depression (when dealing w i t h compat ib i l i ty) becomes ev ident in t h e sense of t h e 

results being n o t influenced b y t h e presence of a m o r p h o u s p a r t of p o l y m e r . T h e k inet ic 

re lat ion for calorimetr ic invest igat ion of i so thermal crystal l izat ion is given b y [7] 

в --= 
í 
J о 

ďAH{t) 

dt 
dt 

í. 
í e dAH(t) 

dt 

= 1 exp ( — ktn) (2) 

dt 

where О is t h e noncrysta l l ized p a r t of polymer, AH t h e released h e a t , tc is t h e t i m e 

a t t h e e n d of t h e process, к is t h e r a t e c o n s t a n t a n d n is t h e A v r a m i e x p o n e n t which 

provides qua l i ta t ive informat ion on t h e n a t u r e of t h e nuc lea t ion a n d g r o w t h process. 

To e s t i m a t e t h e Avrami p a r a m e t e r n a n d t h e r a t e c o n s t a n t k, e q u a t i o n (2) is t o be used 

in t h e following form 

log ( - l o g Q) = 0.434 log k + n log t , (3) 

DSC curves of i so thermal crystal l izat ion a n d plots of log (—log в ) = f (log t) a n d 

1 — О = f (log t) for m i x t u r e s PhBTCi_i2 w i t h crystal l ine polypropylene are s h o w n 

in Figs . 1 — 3. 

T h e r a t e of i sothermal crystal l izat ion of p u r e polypropylene a n d i ts m i x t u r e w i t h 

* о 30 t [mm] 

Fig. 1. DSC curves of i so thermal crystal l izat ion of polypropylene w i t h 2 0 % (v/v) 

of photostabi l izers PhBTCi_i2 in t h e m i x t u r e . Crystal l izat ion t e m p e r a t u r e 394 K . 

1. P h B T C i ; 2. P h B T C 4 ; 3. P h B T C 8 ; 4. P h B T C i 2 ; 5. P h B T C 2 . 
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Fig. 2. Isothermal crystallization of poly
propylene with 20% (v/v) of photo-

stabilizers PhBTCi_i2 (394 K). 
Noncrystallized part of polymer as 

a function of time. 
A PhBTCi; • PhBTC 4 ; Л PhBTC 8 ; 

O PhBTCi 2; D PhBTC 2 . 

Fig. 3. Isothermal crystallization of poly
propylene in the mixtures with 20% 

(v/v) of photostabilizers PhBTCi_i2 
(394 K). 

Relation of 1 — О vs. log t. 
A PhBTCi; • PhBTC 4 ; Л PhBTOe; 

o PhBTCi 2; D PhBTC 2 . 

2-hydroxybenzophenone is at 394 К relatively high. Due to this fact it turned out to be 
impossible to scan the overall course of the crystallization. So the rate constants for this 
temperature were estimated by means of the following relations for crystallization 
of pure polymer ([4]; p. 225, 282) and of polymer in the presence of diluent [5] 

log k =f[TilT(JTf], 

logl/To.9 =f[TfJT(ATf], Ü) 

where к is rate constant, т 0 9 is the time when 10% of polymer is being crystallized^ 
Tm the melting point of polymer or of the mixture, AT is the degree of supercooling. 
The courses of these dependences are shown in Figs. 4 and 5. 

In Table 2 are summarized the data of kinetic parameters for individual samples. 
Dependences of the ratio т0 9/тд>9 as a function of the number of carbon atoms in the 
alkoxy or alkyl substituents, respectively, are shown in Fig. 6. 
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Fig. 4. Dependence of crystallization rate 
constant for crystalline polypropylene 

as a function of supercooling. 
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Fig. 5. Relation of то.о as a function 
of supercooling for polypropylene in the 
mixture, with 2-hydroxybenzophenone. 

Microphotographic observation 

In Figs. 7—12 microphotographs of spherulites of pure crystalline polypropylene 
and its mixtures with chosen photostabilizers made between parallel polars can be seen. 

Discussion 

From the results shown in Table 1, it follows that similarly as in the case of alkoxy 
derivatives of 2-hydroxybenzophenone [1], compatibility of 2(2'-hydroxy-5-n-alkyl-
phenyl)benztriazoles with crystalline polypropylene is bettered along with the prolonga
tion of the n-alkyl substituent. I t is remarkable that also in this case the value of the 
heat of fusion of polymer depends on the kind of diluent that is at variance with Flory's 
assumption. Differences in the melting temperatures are, however, less expressive com
pared to the alkoxy derivatives of 2-hydroxybenzophenone [1]. These differences appeared 
to be connected with differences in the rate of isothermal crystallization. 

Fig. 6. Dependence of ratio TO.O/TQ9 VS. 
number of carbon atoms in alkoxy and 
alkyl substituents of BPhCi_i8 and 

BPhCi_i2. 
a) PhBTCi_i2; b) BPhCi_i 8. 
© 2-HOPhBT; • 2-HOBPh. 
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Table 2 

Kinet ic p a r a m e t e r s of polypropylene crystal l izat ion in t h e presence 
of different photostabi l izers 

Sample n [ m i n - i ] To. 5W. 5 T 0 . 9 /T?. 9 

I P P 
2-HOBPh 
BPh 
BPhCi 
BPhC 4 

BPhCo 
BPhCg 
BPhCi2 
BPhCis 

PhBTCi 
PHBTC2 

PhBTC 4 

PhBTCs 
P h B T C i 

+ I P P 
+ I P P 
+ I P P 
+ I P P 
+ I P P 
+ I P P 
+ I P P 
+ I P P 

+ I P P 
+ I P P 
H- I P P 
+ I P P 
+ I P P 

2-HOPhBT + I P P 

3.16 
3.2 
3.3 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

8.6 
4.6 
1.9 
1.6 
8.4 
1.9 
2.1 
3.4 
5.6 

2.4 
1.1 
5.5 
4.2 
1.0 
2.6 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

Ю- 3 

Ю-2 

ю-5 

Ю- 3 

ю-5 

10-* 
io- 4 

Ю-4 

Ю-4 

Ю-4 

Ю-4 

10-5 

Ю-4 

10-3 
Ю-4 

— 
0.6 
6.5 
1.8 
4.6 
3.6 
3.4 
2.9 
2.5 

3.4 
4.5 
5.6 
2.8 
2.1 
3.3 

— 
0.6 
5.8 
1.7 
4.5 
3.5 
3.3 
2.9 
2.5 

3.3 
4.3 
5.4 
2.7 
2.0 
3.2 

T h e course of dependences shown in Figs . 2 a n d 3 suggests a good a g r e e m e n t w i t h 

re la t ions (2) a n d (3). T h e values of Avrami e x p o n e n t n (Table 2) show t h a t t h e used 

po lypropy lene crystallizes in spherul i te form from i n s t a n t a n e o u s nuclei (n = 3 + 0). 

N e a r l y equal values of Avrami e x p o n e n t enable us t o c o m p a r e t h e r a t e c o n s t a n t s of 

crysta l l izat ion of appl ied m i x t u r e s . F r o m Table 2 a n d Fig . 6 it can be seen t h a t m i x t u r e s 

of t h e first m e m b e r s of homological series of stabilizers w i t h polypropylene (methoxy, 

e t h o x y or m e t h y l , ethyl) crystallize faster t h a n those of b u t o x y or b u t y l der ivat ives . 

F u r t h e r prolongat ion of a lkoxy a n d alkyl s u b s t i t u e n t s results in t h e g radua l increase 

in t h e crystal l izat ion r a t e s of t h e m i x t u r e s , b u t t h e obta ined values are lower t h a n those 

for p u r e isotactic polypropylene as can be seen in Fig . 6. 

H i g h values of t h e in teract ion energy of m i x t u r e s of these first m e m b e r s of stabilizers 

series wi th polypropylene suggest t h e poorest compat ib i l i ty . Their behav iour in t h e 

Fig. P u r e crystal l ine polypropylene. Fig. 8. Mixture of 2 0 % (v/v) of B P h C i 

w i t h crystal l ine polypropylene. 
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with crystalline polypropylene. with crystalline polypropylene. 

Fig. 11. Mixture of 20% (v/v) of PhBTC2 Fig. 12. Mixture of 20% (v/v) of PhBTC4 

with crystalline polypropylene. with crystalline polypropj^lene. 

system can be compared with that of 2-hydroxybenzophenone (2-HOBPh) and 2(2'-
-hydroxyphenyl)benztriazole (2-HOPhBT). We found that these compounds do not 
lower the melting point of polypropylene and are separated from the mixture. The ob
tained microphotographs confirm the results (Figs. 7—12). 

The gradual increase in the crystallization rate of mixtures can be explained by the 
influence of paraffinic character of the stabilizers that results in their better adhesion 
and dispersion in polymer. When considering the fibrous structure of polypropylene 
spherulites we can assume a similar location of stabilizer molecules in this structure 
as in the case of low-molecular parts of polymer. The location of low-molecular weight 
substances in the fibrous area of spherulites results in the decrease of crystallization rate 
of polymer [5]. A photostabilizer with longer paraffinic substituent can be easier built 
in the fibrous area of polymer than that with the shorter substituent owing to its lower 
polarity and longer distance of polymer chain from the polar part of the stabilizer. This 
accounts for the lower retardation of polymer crystallization rate by higher members 
of homological series of the stabilizers. 

The difference in the kinetic parameter values of the two series of stabilizers might 
be explained by different polarity of the basic compounds. Dipole moment of 2-HOPhBT 
is equal to zero [S] while that for 2-HOBPh is 2.71 D [9]. As can be seen from Table 2, 
crystallization rates pass through the minimum in dependence on number of carbon atoms 
paraffinic substituent. 
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This course is similar to that of AH values. I t is not so striking for phenylbenztriazole 
derivatives when compared to benzophenone derivatives where the minimum passes 
through the same derivative. 

The influence of the ability of stabilizer to be built in spherulite fibrils of polymer 
is manifested by the crystallization rate of polypropylene in the mixture with benzo
phenone (BPh). The value of interaction energy density falls between BPhCi and BPI1C4. 
The lower crystallization rate compared to BPI1C4 supports the assumption that the 
smaller is the ability of benzophenone molecules to be built in spherulite fibrils the 
greater is the decrease in the crystallization rate. 

Discrepancy between our results and the assumption of Parrini and Corrieri [3] that 
the increase in compatibility leads to the crystallization rate decrease may be explained 
by the choice of the additives which are extreme from the point of view of their solubility 
in isotactic polypropylene (inorganic pigments, organic solvents). 

Cicchetti and co-workers [6] have found that the diffusion rate of 2-hydroxy-4-n-alkoxy-
benzophenones in crystalline polypropylene decreases with the prolongation of w-alkoxy 
substituent that supports the results of this paper. 
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