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Figure 2 Variation of afterglow and phos- 
phorescence emission intensity with exposure 
to high relative humidity and subsequent 
drying over silica gel for materials: A, un- 
doped BL 34 Resin; B, carbazole doped 
BL 34 Resin; C, undoped crystalline mela- 
mine; D, carbazole doped melamine crystals. 
Relative intensity is indicated on a logarith- 
mic scale 

relative concentrations of carbazole and 
melamine are of critical importance in 
the solution case. In our qualitative 
work, only 10% of the samples produced 
melamine crystals having incorporated 
molecular carbazole. Luminescence 
characteristics established that the car- 
bazole was monodispersed. Crystals 
obtained by both methods show phos- 
phorescence intensities about 10 times 
stronger than that for the weak after- 
glow of the pure melamine crystals. 
The exposure of these crystals to high 
humidity and drying over silica gel did 
not affect the phosphorescence inten- 
sity. The normalized curve for undoped 
melamine crystals, see curve C of Figure 
2, may be compared with that for the 
carbazole doped melamine crystals, 
see curve D Figure 2. The similarities 
of curves A and B along with those of 
curves C and D point out quite clearly 
that the weak and strong carbazole 
dopant phosphorescence intensities are 
only affected by water vapour in the 
low cured resin system. The crystalline 
melamine, the melamine crystallites 
incorporating carbazole molecules and 
the fully cured resin system, each are 

not affected by water vapour as far as 
the phosphorescence intensity is 
concerned. 

The melamine phosphorescence, ob- 
served for pure crystalline melamine 
and for the melamine-formaldehyde 
resin, is not characteristic of that derived 
from a monodispersed system, the latter 
being expected to show some vibrational 
structure. We have, however, shown a 
fluorescence which we can attribute to 
monodispersed melamine, using PMMA 
as a host, and which is characteristically 
different from the broad, almost 
featureless, fluorescence of the mela- 
mine or of the commercial melamine 
resin. The phosphorescence observed, 
we believe, is due to interaction bet- 
ween melamine molecules, possibly of a 
dimeric nature (see for example ref 5). 
In the case ofcarbazole in the mela- 
mine crystalline host, the phosphores- 
cence is suggestive of a monodispersed 
system, however, the strong intensity 
indicates that an energy transfer 
mechanism is available, e.g., triplet- 
triplet transfer from the host to the 
carbazole. 

Considering the typical intense room 
temperature phosphorescence of doped 
thermoset melamine-formaldehyde, 
this is perhaps due to methylol-type 
free chain ends present in the low cured 
resin. At this stage it is not clear 
whether these chain ends increase the 
triplet-triplet energy transfer by means 
of the large volume of hydrogen bonded 
systems surrounding each carbazole 
dopant molecule or whether hydrogen 
bonding of the matrix affects the inter- 
nal SI to T 1 transfer efficiency of the 
carbazole molecule. We recall, for 
example, that hydrogen bonding, bet- 
ween benzophenone and carbazole in 
an EPA glass at 77K, was proven to be 
responsible for a significant increase in 
benzophenone phosphorescence at the 
expense ofcarbazole phosphorescence 6. 

Furthermore, phosphorescence of 
this system was also sensitive to the 
presence of hydrogen bonding matrices. 
This much is also clear from our results 
in Figure 2 (curves A and B) which show 

that the presence of water vapour 
appears to alter the degree of hydrogen 
bonding, implicating the methylol 
chain ends and/or the similar bonding 
between methylolated melamine and 
the carbazole dopant. Our earlier 
studies have also indicated increased 
S 1 to T 1 transfer of carbazole in the 
thermoset resin resulting in increased 
phosphorescence at the expense of 
fluorescence, in a manner similar to the 
findings of Spencer and O'Donnell 6. 
The matrix is not fully understood, hav- 
ing complex fluorescence and phospho- 
rescence properties of its own. Never- 
theless, we believe that its role as a 
donor species is proven beyond doubt. 

We are in the process of making 
melamine-formaldehyde resins with 
differing numbers of methylol group- 
ings (lowest 1 to highest 6) in order to 
elucidate the role of the methylol group- 
ings in the strong room temperature 
phosphorescence of this system and 
possibly clarify the mechanism by 
which water vapour affects the phos- 
phorescence reversibly. 
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On the possib i l i ty  o f  crankshaft motion in polymers in dilute 
so lu t ion  

Introduction 

The local mode explanation of the 
molecular weight independent high fre- 
quency relaxation process in dilute 

polymer solutions requires the concept 
of a localized segmental motion which 
leaves the bulk of the molecule com- 
pletely undisturbed. The most likely 

mechanism for this process is the crank- 
shaft model proposed by Schatzki ~, in 
which five carbon-carbon bonds 
(numbered 2 to 6 in Figure 1) consti- 
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Figure I A projection onto the X - Y  plane 
of the initial position of the crankshaft both 
before relaxation of the rotational angles 
( - - ) ,  and after relaxation ( -  -- --) 
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Figure 2 The minimum energy path for 
rotat ion of  the crankshaft  

tute the crankshaft, and additional 
bonds at either end (1 and 7) provide 
the 'stem' about which the crankshaft 
rotates. 

An essential criterion for this model 
is that bonds 1 and 7 remain colinear, 
and provided that the internal rotation 
angles about the carbon-carbon bonds 
can only occupy the three traditional 
states of trans, gauche plus and gauche 
minus (denoted by T, G + and G - ,  res- 
pectively), then a TG÷TG+T sequence 
of the five internal bonds results in 
exact colinearity of the stems, and the 
crankshaft is free to rotate to any of 
its three equilibrium positions, while at 
the same time leaving the remainder of 
the molecule completely motionless. 

An underlying assumption here is 
that the isomeric three state model pro- 
vides a valid description of internal ro- 
tation in polyethylene molecules. It 
has come to be accepted however that 
this is not true, and in fact the calcula- 
tions of Scott and Sheraga 2 show quite 
clearly that in a given sequence of 
T, G ÷ and G -  bonds significant depar- 
tures (by as much as 20 ° ) of  the rota- 
tional angles from their traditional equi- 
librium values can occur. The introduc- 

tion of these states into a Schatzki 
crankshaft destroys the colinearity of 
the stems and raises the question of 
whether or not the crankshaft model 
can still provide a plausible description 
of the local mode process. 

In this Letter we use the method of 
Scott and Scheraga to calculate the 
minimum energy path for rotation of a 
Schatzki crankshaft in C 15H32 . By 
using an energy minimization on each 
dihedral angle of internal rotation, 
rather than just assuming the simple 
isomeric three state model, we find 
that as the crankshaft rotates the end 
of the molecule undergoes such a large 
displacement that the localized nature 
of the motion is completely lost. 

Computer calculations 
The conformational energy was cal- 

culated using the method outlined in 
the paper by Scott and Scheraga. As 
their description is a particularly clear 
one we will only briefly describe the 
method here, and the interested reader 
is referred to the original paper for 
more details. There are two contribu- 
tions to the energy, an exchange inter- 
action of electrons in bonds adjacent to 
the bond about which internal rotation 
occurs, and non-bonded interactions 
between all the pairs of atoms not 
covalently bonded to each other. The 
exchange interaction depends on both 
the dihedral angles of internal rotation, 
which are free to assume any value, as 
well as on all the fixed bond angles, 
which in this case were set equal to 
their experimentally determined values. 
The non-bonded interactions were cal- 
culated via a Lennard-Jones "6-12'  
potential, the coordinates of  all the 
atoms first being transferred to a frame 
of reference centered on the first hydro- 
gen atom via a matrix multiplication. 
This also enabled us to keep track of 
the position of each atom as the crank- 
shaft rotated. The interaction para- 
meters for the ' 6 -12 '  potential were 
taken from Scott and Sheraga's paper. 

Because we are more interested in 
the motion of the molecule as the 
crankshaft rotates, rather than exact 
values for the energy barriers, our mini- 
mization procedure is less involved 
than that of Scott and Sheraga. We 
begin with the 5 internal crankshaft 
bonds in the TG+TG+T configuration 
(our convention here is that the T state 
occurs at 180 °, G + at 60 ° and G -  at 
300°), all other bonds being in the 
trans state. This represents the 'ideal' 
crankshaft conformation. Starting at 
the first C-C bond we then vary the 
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rotational angle wl by a fLxed amount 
A (5 ° in this calculation), while at the 
same time keeping all other rotational 
angles constant. The direction of the 
change is chosen so that the total con- 
formational energy of the molecule is 
lowered. If we find that the energy 
cannot be lowered by a change in either 
direction then we are clearly already at 
the bottom of a potential well and the 
angle is left unaltered. We continue in 
this way along the length of the chain, 
successively minimizing each dihedral 
angle (except for the two angles w 5 
and Wll , about which the rotation 
occurs) until we come to the end of 
the chain. We then compare the energy 
with the value computed at the start of 
the minimization and repeat the process 
until the two energies are the same, 
which will occur when each dihedral 
angle is at its lowest energy position. 
We then record the position of each 
carbon atom, the crankshaft is rotated 
through 30 °, and the entire process is 
repeated until the crankshaft has rota- 
ted through a full 360 °. 

The molecule used in our calculations 
was the straight chain hydrocarbon 
C15H32. The bond lengths and bond 
angles were representative values taken 
from the paper of Scott and Sheraga, 
i.e. 1.533 A for the C-C bonds and 
1.120 A for the C - H  bonds. The bond 
angles were 112.7 ° for the CCC angles, 
110.5 ° for the CCH angles, and 108.4 ° 
for the HCH angles. 

Discussion 
The result of allowing the dihedral 

angles to relax into their minimum 
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Figure 3 Variation of the first internal 
rotat ional angle in the crankshaft  as the 
min imum energy path is traversed. I f  the 
isomeric three state scheme applied this 
angle wou ld  remain constant at 180 ° 
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Figure 4 Displacement of the end of  the 
crankshaft as rotat ion occurs 
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energy configuration is shown in Figure 
1. The full line shows the position of 
the crankshaft in the 'ideal' (i.e. iso- 
meric state) configuration and the 
broken line shows its position after the 
dihedral angles have relaxed. We can 
see quite clearly that the stems are no 
longer colinear, so that rotation of the 
crankshaft will produce a disturbance 
in the rest of the molecule, and that 
several of the angles are severely dis- 
torted from their isomeric state values, 
e.g. the trans bond in the middle of the 
crankshaft is now at 160 ° rather than 
180 ° . 

The minimum energy path for the 
rotation of this crankshaft is shown in 
Figure 2. The curve has tl~e expected 
triple well shape, and the height of the 
barriers was found to be quite accu- 
rately approximated by the sum of the 
individual barriers encountered by 
each 'stem' bond rotating separately. 
Figure 3 shows the variation in w 6, the 
first dihedral angle in the crankshaft, 
with the angle of rotation. Contrary to 
the hopes of Schatzki, and the calcula- 
tion of Boyd and Breitling a, we find 
that there is quite a variation in the 
values of all the crankshaft bonds as 
rotation occurs. The 20 ° variation 
illustrated in Figure 3 is quite charac- 
teristic of the behaviour of each of the 
bonds adjacent to a 'stem' bond. 

The effect of this variation in angle 
and non-colinearity of the stems can be 
seen in Figure 4, where we plot the posi- 
tion of C 10 which is the carbon atom at 
the 'fixed' end of the crankshaft, as a 
function of rotational angle. Distance is 
measured from the initial relaxed posi- 
tion before the start of rotation. For 
an ideal crankshaft this particular atom 
should of course remain motionless, 
whereas Figure 4 shows that as the 
crankshaft passes through the eclipsed 
position at 270 ° the carbon atom has 
been displaced from its equilibrium 
position by almost 2 A. This is quite a 
large displacement when compared to 
the length of the crankshaft, which is 
only about 5 A, and for atoms further 
down the chain this effect is magnified 
rather than reduced, the end carbon 
atom, for example, being displaced 
from its equilibrium position by as 
much as 6 h.  

The most appealing aspect of the 
crankshaft model, when considered in 
the frame of the rotational isomeric 
three state scheme, is the completely 
localized nature of the motion. How- 
ever our calculations show that when 
allowance is made for more realistic 
equilibrium rotational angles this 
localized nature is lost, and that a 
crankshaft endeavouring to rotate from 
one equilibrium state to another through 

the lowest energy path would involve 
considerable movement of the remain- 
der of the polymer molecule. Whether 
or not the solvent molecules would 
allow this type of motion is uncertain, 
nevertheless, we feel that the results 
described here cast serious doubt on 
the ability of the crankshaft mechanism 
to provide a useful description of the 
local mode process in dilute polymer 
solutions. 
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Effect of hydrogenation on the elastic properties of poly(styrene-b- 
diene-b-styrene) copolymers 

Introduction 
Teleblock copolymers poly(styrene- 

b-butadiene-b-styrene) and 
poly(styrene-b-isoprene-b-styrene), 
widely used for their elastoplastic 
properties, suffer severe drawbacks in 
their application due to poor ageing 
properties of the unsaturated soft 
phase, poor long term elastic properties 
(stress relaxation as measured by com- 
pression set) at temperatures as low as 
20 °-30°C, short term elastic properties 
(instantaneous recoverable deformation 
as measured by tension set) and rapidly 
decreasing tensile properties as a func- 
tion of temperature. 

In principle, these properties could 
be improved by introducing saturated 
soft phases and hard phases with higher 

glass transitions or melting points. This 
can be easily carried out by means of 
hydrogenation: the soft phase becomes 
a saturated rubber and the hard phase a 
polyvinylcyclohexane resin with a glass 
transition nearly 50°C higher than that 
of polystyrene. While the effect of the 
hydrogenation of the soft phase on the 
ageing properties is well known, no data 
were reported in the literature, as far as 
we know, on the effect of hydrogenation 
of both soft and hard phases on the 
elastic properties. 

Experimental 
Samples. Hydrogenation was carried 

out on two commercial teleblock co- 
polymers, a poly(styrene-b-isoprene- 
b-styrene) (SIS) and a poly(styrene-b- 

hydrogenated high vinyl butadiene-b- 
styrene) (SEBS) with the following 
characteristics: 

Styrene (wt %) M n (osm) 

SIS 17 88.200 
SEBS 30 58.000 

Hydrogenated SIS may be considered 
as a (VCH-EP-VCH) copolymer and 
hydrogenated SEBS as ( V C H - E B -  
VCH) copolymer, where VCH indicates 
a polyvinylcyclohexane block, EP an 
alternate ethylene-propylene copoly- 
mer and EB an ethylene-butene-1 
copolymer obtained by hydrogenation 
of high vinyl polybutadiene. 

Hydrogenation was carried out at 
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