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is explored. The IR results indicate that the rate constant 
for the epoxy and primary amine reaction depends on the 
diamine molecular weight. The rate constant increases as 
the molecular weight of the diamines decreases. However, 
the molecular weight dependence of the rate constant by 
itself can only provide a partial explanation for the for- 
mation of the observed structure. The DSC results in- 
dicate that the samples containing two diamines of dif- 
ferent molecular weight are single-phase materials. 

The scattering results of the acetone-d6 swollen epoxies 
can be quantitatively fitted with one Lorentzian function, 
and the correlation length is about 10 A regardless of the 
diamine size. However, the high value of X I  needed to fit 
the data again indicates the heterogeneous nature of the 
gel structure; the X I  obtained is found to be greater than 
0.5. Once again, X I  shall not be regarded simply as the 
interaction parameter between acetone-d6 and the epoxy 
network chains. Rather, it is an index denoting the extent 
of heterogeneity of solvent distribution throughout the 
specimen. The heterogeneity of the network in terms of 
the spatial distribution of the cross-links can result in a 
high x' value as observed. 

The broad scattering maximum observed in the ace- 
toned6 swollen epoxy containing an equal mole of D-2000 
and D-230 diamines can be interpreted with a regularly 
alternating block structure in an intranetwork sense. 
Within an average network the D-230 and D-2000, diamine 
chains were situated in a regularly alternating fashion. A 
semiquantitative explanation is provided by using the 

excluded-volume concept to account for the scattering 
maximum observed. However, the theoretical work is 
derived for a highly regular structure, the possible ran- 
domization of the regular alternating sequence is not in- 
cluded in this current treatment. consequently, the fit 
between the calculated and the observed results is only 
marginal. 
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ABSTRACT: Comparison between the effects of inert salts on the distribution of Ru(bpy),*+ ions around 
three negative polyelectrolyes, poly(styrenesu1fonate) (PSS), poly(viny1 sulfate) (PVS), and poly(acry1ate) 
(PAA), is reported. Much higher ion concentrations are required in order to  remove Ru(bpy)gP+ from PSS, 
as compared to removal from a PVS or PAA. Attributing the difference between these systems to  the effect 
of hydrophobic interactions in the PSS enables the calculation of the free energy change involved in the formation 
of Ru(bpy):+-PSS. The results show a definite distinction between R ~ ( b p y ) , ~ +  "inside" and "outside" the 
polymer, with no exchange during the lifetime of the excited state of the ruthenium tris(bipyridine), Ru(bpy)gP+*, 
The Ru(bpy),2+ ions are located more deeply "inside" the PSS as compared with the PVS. 

Introduction 
Thermodynamic properties of hydrophobic bonds have 

been quantitatively treated in biological systems for many 
years. Thus, Klots, Walker, and Pivan' investigated the 
binding of organic ions by proteins and separated the 
electrostatic interactions from the hydrophobic interactions 
between the aromatic rings. The additional affinity due 
to the hydrophobic interactions was estimated in this 
system as 0.52 kcal. Nemethy and Scheraga2 calculated 
standard free energies for interactions between two side 
chains of proteins as ranging between -0.2 and 1.5 kcal/ 
mol. Several aromatic ammonium salts were reported to 
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interact with anionic polyelectrolytes and with a neutral 
polymer by hydrophobic  interaction^.^^ The thermody- 
namics of hydrophobic interactions in biological systems 
has been lately discussed in detail by B e ~ ~ - N a i m . ~  Para- 
mauro, Pelizzetti, and Diekmand investigated the sepa- 
ration of electrostatic and nonelectrostatic environmental 
effects in redox reactions involving osmium coordination 
compounds observed in micelle solutions. Hydrophobic 
interactions between hydrophobic segments of polyelec- 
trolytes and photosensitizers, electron donors, and electron 
acceptors have been extensively investigated lately. 
Weberg and Morishima et al.1°'14 employed charged co- 
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polymers containing alternating and randomly distributed 
hydrophobic photosensitizers incorporated in the polymer 
chains. Hydrophobic interactions in homopolymers have 
also been reported. Poly(styrenesu1fonate) (PSS) and the 
well-known photosensitizer Ru(bpy)gP+ were investigated 
by means of cation-exchange resins and showed an un- 
usually strong binding of Ru(bpy)?+ to PSS.15 Hydro- 
phobic interactions have also been invoked in order to 
explain the reaction kinetics in several photochemical 
systems.16 

In the present work we attempt to measure the free 
energy change of the hydrophobic interactions between 
Ru(bpy),2+ and PSS. This is achieved by comparison 
between the effects of inert ions on the distribution of 
Ru(bpy),2+ in aqueous solutions containing different 
polymers. 

Experimental Section 
Spectrofluorimetric measurements were carried out by using 

a Perkin-Elmer Model LS-5 spectrofluorimeter. The excitation 
wavelength was 437 nm. Emission spectra were recorded in the 
range 550-650 nm with a 1-cm cell. Typical R~(bpy),~+ con- 
centration was 3 X M. Pulsed laser photolysis was carried 
out on a Molectron Model DL-200 dye laser." The excitation 
was carried out at 437 nm with Molectron 70355-1C12 dye. 
Emission was detected at 612 nm by using a Hamamatsu pho- 
tomultiplier. A cutoff filter transparent above 550 nm was used 
to filter the emitted light. A neutral density filter was employed 
in order to reduce the laser pulse intensity. Usually, the laser 
intensity was reduced to (1.5 or 3.7) X einstein L-l/pulse. 
A Tektronix Model 7912 AD digitizer was used. In a typical 
experiment the results of 128 pulses were averaged. The test cells, 
1 X 1 cm, contained 3 mL of solution and were closed with a rubber 
septum and bubbled with ultrapure He. The solutions were used 
within 2 h to avoid significant air leakage. 

Materials. The Ru(bpy),C12 product of K&K was twice re- 
crystallized from water. Water was purified by distillation followed 
by passing through a Millipore ion-exchange system. K4Fe(CN)6 
(Merck) AR grade was used as received. Stock solutions were 
prepared in air-free water and kept in a syringe in the dark for 
not more than 1 day. MgSO, (Mallinckrodt, AR grade), NaCl 
(Merck, AR grade), and KCl (Baker, AR grade) were used without 
further purification. Helium was Matheson's 99.999%. Poly- 
(acrylic acid) (PAA acid form) (Aldrich, MW 250 000) was used 
as received. Poly(styrenesu1fonate) (PSS) sodium salts (Polys- 
ciences, MW 70000 and 500000) were purified by dialysis of a 
solution containing 3% PSS (by weight) and lo4 M EDTA against 
water. Poly(viny1 sulfate) (PVS) (Sigma, MW 250 000) was pu- 
rified as described before.l8 

Results and Discussion 
Ru(bpy)QZ+ has a well-known visible absorption (peaking 

at  452 nm) and emission (peaking at  610 nm) spectra. No 
effects of PVS and inert salts on the shapes of these 
spectra, or on the lifetime of the emission, are 0b~erved.l~ 
We tested the effects of PSS, PVS, and PAA on the 
emission spectrum and lifetimes of the emitting excited 
state. The emission spectrum remains unchanged and is 
identical with that observed in polyelectrolyte-free water. 
The rate constant for natural decay, kN, equals (1.60 f 
0.15) X lo6 s-l for both PAA and PVS. This value is the 
same as observed in water containing no polymer. Ad- 
dition of PSS leaves the spectrum unchanged, but kN = 
(1.2 * 0.1) X lo6 s-l in this case. Addition of Fe(CN)64- 
ions in the absence of polymer has a strong effect on the 
emission intensity and on the lifetime of R ~ ( b p y ) ~ ~ + * ,  as 
ferrocyanide has been reported to behave as an efficient 
quencher in this system, k, = 3.3 X lo9 M-l s-l a t  ionic 
strength p = 0.5.20 Since a negative polymer is expected 
to retard the rate of quenching of the excited R ~ ( b p y ) ~ ~ +  
by ferrocyanide ions, we used the difference in reactivity 
in order to obtain information about the distribution of 
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Figure 1. Typical computer trace representing the change of 
emission intensity with time after a laser pulse. Insert: the 
first-order plot, demonstrating the existence of two processes. 3 
X M R~(bpy),~+, 3 mM PVS, 3 mM MgS04, 1 mM K4Fe- 
(CN),. 

the Ru(bpy),2+ ions inside and outside the polymers' 
electric fields. When this method is used, the terms inside 
and outside are defined by the availability of excited Ru- 
(bpy),2+ for quenching by ferrocyanide ions. Preliminary 
work was always carried out by the spectrofluorimetric 
method. However, since the addition of inert counterions 
may enhance the rate of Ru(bpy)gB+* quenching by fer- 
rocyanide within the polymer field, and retard this rate 
in the bulk, the steady-state emission intensity alone 
cannot be used as a criterion for the Ru(bpy),2+ distribu- 
tion. We preferred the use of pulsed laser kinetics and 
followed the decay of emission at  612 nm. In the presence 
of a negatively charged polyelectrolyte, this decay has two 
parts (Figure 1). The fast decay represents the quenching 
of excited Ru(bpy)32+* by ferrocyanide ions in the bulk, 
while the slow decay represents the quenching inside the 
polymer field. The quenching rate constant of Ru(bpy)gP+* 
by ferrocyanide ions, k,, in the bulk varies with ionic 
strength as predicted by the Debye-Huckel equation, 
corresponding to an ionic charge product of 6. This result 
is reasonable since ion-pair formation may change the 
effective ionic charge. The experimental results are sum- 
marized in Table I. The salt effects on the quenching 
rates in the polyelectrolytes are relatively small. It can 
be seen from Table I that quenching rates increase con- 
siderably upon addition of salts in the cases of PVS and 
PVA. In contrast, no salt effect on the quenching rate is 
observed in the PSS solutions, even at  very high ionic 
concentrations (e.g., 0.4 M NaC1). We explain this by the 
contribution of the hydrophobic interactions between the 
Ru(bpy)32+ and the aromatic groups of the PSS. This 
affects the distribution of Ru(bpy),2+ ions so that these 
ions are located nearer the polymer backbone, as compared 
with the Poisson distribution of the Ru(bpy)?+ ions as 
determined by the electric fields only (in PVA and PVS). 
The R ~ ( b p y ) ~ ~ +  in the PSS solutions is less available to 
react with the ferrocyanide quencher. 

The fraction of emission which decays away in the fast 
part increases with the salt concentration, a t  a given 
polymer concentration. Typical results are presented in 
Figure 2, where the ratio of emission intensities in the fast 
and slow decays, respectively, is plotted against the inert 
counterion concentration. Note that the effects of the 
monovalent counterions present initially (K+ from the 
PVS, PAA, and potassium ferrocyanide, Na+ from PSS 
and PAA) are small in comparison with the effects of the 
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Table I 
Effect of Iner t  Ions on the  Quenching of Ru(bpy)l+ by 

Fe(CN)64-n 
polymer [monomer], mM salt [salt], mM k,(i)* 

PVS 
PVS 
PVS 
PVS 
PVS 
PVS 
PAA' 
PAAc 
PAAC 
PAA' 
PAA' 
PAA' 
PAA" 
PAAd 
PAAd 
P AAd 
PAAd 

(A) In Polvelectrolvte Solutions . ,  
0.6 
1.5 
3.0 
3.0 
3.0 
1.0 
1.0 
1.0 
3.0 
3.0 
1.0 
1.0 
1.0 
0.4 
1.2 
1.2 
1.5 

MgS04 6 
MgSO4 3 
MgSO, 3 

MgS04 12 
MgS04 6 

KC1 30 
NaCl 5 
NaCl 10 
NaCl 10 
NaCl 30 
KCl 10 
KC1 20 
KC1 30 
NaCl 5 
NaCl 10 
NaCl 30 
KCl 20 

(B) In the Absence of Polyelectrolytes 
e 0 
MgSOde 100 

0 
csc1 4 
csc1 5 
CSCl 8 
CSCl 15 

13 
8 
7 
9 

1 2  
6 

11 
13 

7 
32 
6 
8 

31 
9 
6 

49 
11 

380 
35 

320 
220 
180 
140 
120 

[R~(bpy) ,~+]  = 3 X M; [Fe(CN),4-] = 1 mM. *In units of 
10" M-' s-I. The rate constants are for the Ru(bpy)gl+ inside the 
polymer. 'Fully ionized by NaOH or KOH. d60% ionized by 
NaOH or KOH. 40% neutralized by complexation with magnesi- 
um ions. e O . l  mM ferrocyanide ions. 
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Figure 2. Typical plots of the ratios of emission intensities in 
the fast (IT - Is) and slow (Is) decays. IT is the initial intensity 
measured in Figure 1. Is  is the initial extrapolated intensity for 
the slower stage. Total [R~(bpy) ,~+]  is 3 X M. [Fe(CN)64-] 
is 1 mM. Polymer concentrations are given in molarity of mo- 
nomer units. (A) PSS present: A, 5 X lo4; A, 6 X loe4; 0 ,  l X 

0, 3 X (B) PVS present: O,6 X 0, 1 X A, 
1.5 X A, 3 X 0, 6 X 

bivalent Mg2+ ions. Similar experiments in which the Mg2+ 
ions were replaced by the singly charged Na+ or K+ ions 
(as chlorides) were also carried out (not shown in Figure 
2 ) .  In the case of PSS, the concentration of the initially 

I / [monomer: ( M - ' )  
Figure 3. Typical plots of the slopes (Figure 2) vs [M(p)]-'. The 
experimental points represent the slopes from Figure 2. 

present K+ (counterion of Fe(CN)d) and Na+ (counterion 
of PSS) was small in comparison with the added sodium 
or potassium chlorides. 

In PAA and PVS, the effect of KC1 could be easily 
studied as K+ was the only counterion. On the other hand, 
when Na+ was added to PVS or to PAA, K+ was also 
present (as a counterion of PVS and Fe(CN),4-), and its 
effect could not be neglected. In the data treatment we 
corrected for the K+ effect by taking [Na+] as the sum of 
added [NaCl] plus 1.6 times the [K+] present. The factor 
1.6 is based on the work of Johah, Matheson, and Meisel,2l 
who found potassium 1.6-fold more effective than sodium 
in replacing other ions. The plots of the type shown in 
Figure 2 are typical to all three polymers a t  all inert ion 
concentrations used by us. As can be seen in Figure 2, the 
slopes of the straight lines usually decrease with increasing 
concentration of the polymer. A closer look reveals that 
the above slopes change linearly with the inverse of the 
polymer concentration as demonstrated in Figure 3. The 
results are independent of the polymer chain length (tested 
by comparison between PSS with molecular weights 70000 
and 500 000). 

The observation of two decay processes, separated in 
time (Figure l), attributed to the quenching of the excited 
Ru(bpy),2+ outside and inside the polymer, respectively, 
indicates that the quenching reactions are fast as compared 
with the rate of exchange of Ru(bpyI2+ between the 
polymer and the bulk. Had the exchange rate been faster 
than the fast quenching rate, only one decay stage would 
have been observed. I t  is also unlikely that the exchange 
rate is slower than the fast quenching rate but faster than 
the slow quenching rate. In such a case, two stages sep- 
arated in time would have resulted, enabling the mea- 
surement of Ru(bpy)32+* distributions inside and outside 
the polymer fields. However, in such a case, the slower 
quenching rate would have been determined by the rate 
of exchange and would be independent of [Fe(CN),4-], 
which is contrary to the observation that the rates of both 
decay processes increase with increasing [Fe(CN),"]. The 
effect of inert counterions can be described in terms of the 
equilibrium reactions 1 and 2 .  The subscripts o and i 

(1) 

Sz+(o) + Mf,(p) Sz+(i) (2) 

KI(P) 
R u ( b ~ y ) ~ ~ + ( o )  + M f d p )  e Ru(b~y)3~+(i)  

K A P )  

represent the solutes outside and inside the polymer, re- 
spectively. Mf,(p) represents a segment of the polymer 
p available for the condensation of one counterion of the 
type x. The equilibrium constants of the right-hand side 
of eq 1 and 2 are expressed as [ion(i)]/([ion(o)][Mf,(p)]). 
[MfJp)] equals [M(p)]/z, where [M(p)] is the polymer 
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this under our conditions will be given later. Equation 4 
is now simplified to eq 5, where AGO&) is the standard 

( 5 )  
free energy change due to the hydrophobic interactions 
between the Ru(bpy)p  and PSS, separated from the 
electrostatic interactions. Our results yield AGo(h) = 1.5 
f 0.2 and 1.2 f 0.3 kcal/mol, based on the experiments 
with Mg2+ and Na+, respectively. If an ion is considered 
as a point charge, and only electrostatic interactions are 
important, then the distribution of different ions pos- 
sessing the same charge in a polyelectrolyte solution must 
be independent of the exact nature of the ion. This situ- 
ation implies that, in the absence of any interactions other 
than the electrostatic interactions with the polymer, Kl(p) 
must equal K2(s,p) for all ions possessing the same charges. 
Jonah, Matheson and Meise121 measured specificity con- 
stants for mono- and divalent ions, using copper ions as 
reference. Their work shows that among ions possessing 
the same charge the larger ions are somewhat more ef- 
fective in removing other counterions. This may be con- 
nected with ionic hydration sphere effects.22 The ratio of 
the equilibrium constants in the PVS system (Table 11) 
shows somewhat stronger interactions between PVS and 
Ru(bpy),2+ as compared to Mg2+ ions. The value of the 
constants' ratio is in the range reported by Jonah, Math- 
eson, and Meise121 for simple ions. Therefore, we conclude 
that only small, if any,hydrophobic interactions exist be- 
tween Ru(bpy),2+ ions and PVS. 

PVS and PSS have somewhat different charge densities. 
The question arises whether the charge density may be a 
major factor in determining the relative distributions of 
the different counterions, and thus introduce an uncer- 
tainty in our free energy determination of the hydrophobic 
interactions. In order to test this, we used PAA. When 
fully ionized (neutralization of the poly(acry1ic acid) by 
KOH), it has a charge density similar to that of PVS. The 
charge density can be reduced by the addition of Mg2+ 
ions, which form a stable complex with the polycarboxylic 
entities. (We conclude this by analogy with simple bi- 
carboxylic anions). Upon addition of appropriate con- 
centrations of magnesium ions, we were able to control the 
charge density. The effect of K+ ions on the "free" po- 
lyelectrolyte and on the magnesium-containing polymer 
with 40% of the charge neutralized is similar (Table I). 
This indicates that the formal charge density of the 
polymer affects only little, if a t  all, the relative distribution 
of different ions inside and outside the polymer field. The 
results in PAA and PVS are similar when K+ is used as 
a counterion. Na+ is more effective in removing Ru(bpy),2+ 
from PAA as compared to PVS, apparently due to complex 
formation between the sodium ions and PAA. 

Conclusions 
The free energy change measured for the hydrophobic 

interactions between Ru(bpy),2+ and PSS is in the same 
range as the free energies of micelle  formation^.^^ This 
supports the interpretations of the previous works, which 
were based on qualitative considerations. It is interesting 
that eq 3', which is only approximately correct, is obeyed 
over a considerable range of concentrations. In varying 
the conditions, one has to consider the effect of inert ions 
not only on replacing the R ~ ( b p y ) , ~ +  ions but also in 
creating an opposite ionic atmosphere, which affects the 
electrostatic potential around the polymer. This effect is 
minimized if we use a large excess of ions that have the 
same charge as the Ru(bpy)?+. Under such conditions the 
total ionic atmosphere at  the polymer apparently varies 
only relatively little. 

-AGo(h) = RT In (Kl(PSS)h) 

Table I1 
Summary of (2Kz(s,p))/Kl(p) for the Various Polymers 

(2Kz(s,PvS))/ (2Kz(s,PSS))/ (2Kz(sPAA))/ 
salt Ki(PW Ki(PSS) Ki(PW 

NaCl (5.0 f 1.5) X (7.0 f 2.0) X (1.1 f 0.3) X lo-' 
KCl (6.0 & 1.5) X (7 f 1) x 10" 
MgSO, (4.2 f 0.4) X lo-' (3.6 f 0.6) X 

concentration in monomer units and z is the ionic charge. 
From eq 1 and 2 one can easily obtain eq 3 

[ R u ( b p ~ ) ~ ~ + ( o ) l  [S"+(~)I/([RU(~PY)~~+(~)I [S'+(o)l) = 

In deriving this equation, it i s  assumed that the capacity 
of a given polymer with respect to the counterions is de- 
termined by the charge only. In the case of Ru(bpy)gP+, 
which is a relatively large ion, this may not be exactly the 
case. Any deviations, e.g., due to steric hindrance, will be 
included in the equilibrium constant. If [ R ~ ( b p y ) ~ ~ + ]  << 
[M(p)] << [S2+], the electrical balance equation 

[M(p)l = [Mfl + z[Sz+(i)l + ~ [ R u ( ~ P Y ) ~ ~ + ( ~ ) I  

([Mf] is the concentration of the free monomer units 
available for condensation of counterions) can be reduced 
to [M(p)] = z[Sp+(i)] since under such conditions both [Mf] 
and [ R ~ ( b p y ) ~ ~ + ( i ) ]  are relatively small. Under the same 
conditions, [Sz+(o)] = [Sz+] (the total inert ions' concen- 
tration). Thus, eq 3 can be revised to 3': 

[ R U ( ~ P Y ) ~ ~ + ( O ) I  / [R~(bpy)3~+(i)l  = 
( ~ K ~ ( s , P )  [Sz+l ) / (Ki (P) [M(P) 1 ) (3') 

The measured values of (IT/Is)-l (Figure 2) represent the 
ratio on the left-hand side of eq 3'. The linear plats ob- 
served in Figure 3 agree with this interpretation. Note that 
reasonable straight lines are obtained only when [Ru- 
( b ~ y ) ~ ~ ' ]  is very small in comparison with [M(p)] and the 
inert salt is in large excess over [M(p)]. The slopes of the 
straight lines plotted in Figure 2 equal 2K2(s,p)/(Kl(p)- 
[M(p)]). These slopes vary linearly with l/[M(p)], as 
expected from eq 3' (Figure 3). The slopes of Figure 3 are 
equal to 2K2(s,p)/Kl(p). In Table I1 we summarize these 
constants, as measured in PVS, PAA, and PSS, using 
MgSO,, KC1, or NaCl as inert salts. 

The equilibrium constants are related to the standard 
free energy changes as follows: 

2K2(S,P) / (Kl(P)d (3) 

AGl0(p) = -RT In (Kl(p)); 
AG2"(s,p) = -RT In K2(s,p) 

Let us now divide AGlO(PSS) into two terms. One term 
is the free energy change due to the electrostatic interac- 
tions (e), and the second is the free energy change due to 
the hydrophobic interactions (h),  namely: 
AGl0(PSS) = AGl0(PSS)e + AGl0(PSS)h = 

Thus 

-RT In (Kl(PSS)eK1(PSS)h) 

[AGz"(s,PSS) - AGiO(PSS)] - 
[AG20(s,PVS) - AG,"(PVS)] = -RT In 

(K2(s,PSS)Kl(PVS)) /(Kl(PSS)eKl(PSS)hK2(S,PVS)) 
(4) 

Let us now introduce (K1(PSS)e)/K2(S,PSS) = K1- 
(PVS)/K2(S,PVS). This assumption means that the dis- 
tribution of the inert counterions inside and outside the 
polymer, relative to the distribution of R~(bpy) ,~+,  does 
not depend on the nature of the polymer as long as the 
interactions are purely electrostatic. The justification for 
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These requirements are not exactly fulfilled when the 
monovalent ions are used. Although in our systems we did 
not observe very large deviations as observed previously," 
we consider the Mg2+ results more reliable. 
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ABSTRACT Following up an idea developed in a previous paper, the crystal structure of the ct form of isotactic 
polypropylene (IPP) has been refined by a least-square fitting procedure by using X-ray diffraction fiber data 
and considering the fiber spectrum as a whole. This approach represents an extension of the Rietveld method 
from the one-dimensional case (powders) to a two-dimensional case (fibers). In spite of structure complexity, 
low resolution, and reflection overlap, well-distinguishable fits have been obtained by considering the two 
structure models R 1 / c  and C2/c which are very closely related to each other. A reliable chain model of 31 
symmetry was obtained having C-C-C chain angles of 116.9 and 112.4', chain torsion angles of 178 and 59O, 
and methyl-to-chain valence angles of 108.2'. 

Introduction 
In a preceding paper' we have discussed the possibility 

of performing crystal structure refinements from fiber 
diffraction data by using, instead of "integrated" diffraction 
intensities, the "whole diffraction pattern", so extending 
the Rietveld's method2s3 from the powder to the fiber case. 
The diffraction pattern as a whole can be digitized by using 
the photographic technique and a photoscan instrument. 

The advantage of the whole-pattern method against the 
traditional one is that the problem of reflection overlap 
is removed. Although in fibers overlap is less troublesome 
than in powders since it takes place only within each layer 
line, large lattice constants, low symmetry, and wide peak 
broadening make the problem serious. In the present case, 
for instance, from 4 to 8 reflections do contribute for at 
least 20% of their maximum weight to the equatorial 
points between 29 = 25O and 29 = 35O (twice as many in the 
upper level lines), and yet above 29 = loo there are no 
points without any contribution. Among the overlapped 
reflections, of course, only a few are "intense"; for a 
quantitative treatment it is important, however, to consider 
all reflections, not only the intense. 

In order to implement fiber whole-pattern refinement 
procedures, i t  is necessary to choose suitable profile 

functions for expressing the distribution of diffracted in- 
tensity. While in the powder case a one-variable function 
is needed (the profile versus the diffraction Bragg angle 
23), in the fiber cwe two-variable functions are required. 
In a preceding article' we have shown that in the case of 
the CY form of isotactic polypropylene (IPP), X-ray radia- 
tion and photographic technique, Gaussian profile func- 
tions are adequate for expressing the intensity distribution 
both in the increasing Bragg angle direction and for a 
constant Bragg angle direction. On this basis a whole- 
pattern structure refinement for the same polymer has 
been carried out b y  considering, alternatively, the C 2 / c  
structural model by Natta and Corradini, and the P2,/c 
model by  M e n ~ i c k . ~  The two fits are compared and dis- 
cussed in this paper. 

In the present study we have also combined the fiber 
whole-pattern approach with constrained refinement so 
considerably reducing the number of structural unknowns. 
The procedure applied is closely related to that used in 
powder whole-pattern ~ t u d i e s . ~ - ~  
Experimental Section 

The sample of IPP used in this study (the same used in the 
former work') was stretched at 140 OC and annealed at 140 "C 
for 3 h. The X-ray fiber diffraction pattern (Cu Kcu radiation) 
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