
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:07
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Evidence of Alkyl Rotational Mobility
from Comparison of PAA and PAP
Neutron Quasielastic Scattering Data
R. Podsiadły a & J. A. Janik b

a Faculty of Chemistry of the Jagiellonian, University, ul. Ingardena,
3, 30-060, Kraków, Poland
b Henryk Niewodniczański Institute of Nuclear Physics, ul.
Radzikowskiego 152, 31-342, Kraków, Poland
Version of record first published: 23 Sep 2006.

To cite this article: R. Podsiadły & J. A. Janik (1995): Evidence of Alkyl Rotational Mobility from
Comparison of PAA and PAP Neutron Quasielastic Scattering Data, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 262:1, 285-292

To link to this article:  http://dx.doi.org/10.1080/10587259508033533

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508033533
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Crysr. 1995, Vol. 262, pp. 285-292 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B. V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

EVIDENCE OF ALKYL ROTATIONAL MOBILITY FROM COMPARISON OF 

PAA AND PAP NEUTRON QUASIELASTIC SCATTERING DATA 

R.PODSIADLY 
Faculty of Chemistry of the Jagiellonian University, 
ul.Ingardena 3 ,  30-060 Krakbw, Poland 

J.A. JANIK 
Henryk Niewodniczahski Institute of Nuclear Physics, 
ul. Radzikowskiego 152, 31-342 Krakbw, Poland 

Abstract 
We ask whether a model assuming a rotational diffusion 
of two molecular "halves", consisting of rigidly 
coupled alkoxy groups plus benzene rings, works for 
interpretation of QNS data. For PAA such a model seems 
to work almost perfectly for both the normal and the 
methyl deuterated nematic substance. For PAP, however, 
it gives a much too intense quasielastic component in 
the normal nondeuterated substance indicating that 
there exist interconformational motions in ethoxy group 
which falls within the QNS observation window. When 
convoluting the scattering law of this motion with 
that of the molecular "halves" one obtains an almost 
perfect agreement with the QNS experimental data. 

Keywords : molecular motions, neutron scattering 

Among the many stochastic rotational motions which 

take place in nematic liquid crystals, there are some 

which are too  slow to be detected by the neutron 

quasielastic experiment (QNS) carried out with a typical 

energy resolution of ca. 100 ueV. One such a motion is the 
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rotation of the whole molecule around its long axis, 

which, although much faster than the rotation around the 

short axis, is still too slow for the observation window 

of the QNS for the above mentioned energy resolution. 

Indeed, for PAA and PAP the corresponding reorientational 

correlation times are ca. 20 and 25 ps ,  respectively, thus 

contributing very little to the quasielastic broadening 

[l]. Also the translatory diffusion contributes very 

little [ 2 ] .  

3 
-6- 

PAA 

€--- 

PAP 

FIGURE 1. Schematic views of the PAA and PAP molecules. 
For the PAA the motion of the molecular "halves" is shown. 
For PAP, besides this motion, the interconformational 
motion in ethoxy terminals is shown. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
07

 1
8 

Fe
br

ua
ry

 2
01

3 



ROTATIONAL MOBILITY OF PAA AND PAP BY QNS [ 157511287 

It seems also that the alkoxy groups and the 

corresponding benzene rings are rather strongly coupled, 

since the alkyl torsion around the C(benzene)-O(a1koxy) 

axis occurs with rather high frequency for two molecules 

in question (ca. 1000 an-' [ 3 ] ) .  Of other motions, the 

rotation of CH, terminals around their triple axes, 

although falling within the QNS observation window, has a 

too small gyration radius for H atoms to contribute 

significantly to the quasielastic component. Hence, if 

there are no interconformational jumps in the alkyls, the 

model assuming a rotational diffusion of two molecular 

"halves", consisting of alkoxy groups rigidly coupled to 

benzene rings, reorienting around the C(benzene)-N(centra1 

group) bond, should be adequate for interpretation of QNS 

data [4] (Fig.1). 

This paper presents a new analysis of old QNS data 

reported previously in [ 4 ]  and [5]. The data were obtained 

(for the nematic PAA and PAP) in the Institute of Energy 

Technology at Kjeller, Norway. The incident neutron energy 

was 4.64 meV. The energy resolution was 140 PeV. For PAA 

the temperature was 122'C and the neutron scattering angle 

was 30°(neutron momentum transfer 0.73 A- ' ) .  For PAP, the 

temperatures were 144'C and 154'C, and the neutron 

scattering angles (for both temperatures) were 30' and 40° 

(neutron momentum transfer 0.73 and 0.95 A-') .  The samples 

were unoriented. In order to isolate the the quasielastic 

(plus elastic) component, the inelastic background was 
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subtracted from the rough data. 

To evaluate the adequacy of the reorientational model 

the following procedure was adopted : To the QNS spectrum, 

after conversion to energy scale, we fitted the function : 

F(i,w) = ulnc kJki exp(hw/kBT) [pa (w)+(l-p)S(i,o) IQ G ( w )  

where hi = h ( 3 -  g i )  stands for the neutron momentum 

transfer, hw = Ef- Ei is the neutron energy transfer, G ( w )  

is the instrumental function, and S ( i , o )  is the scattering 

'law corresponding to a reorientational model. Explicit 

formulas for the S ( z , w )  can be found, for instance, in 

[6]. NOW, the p parameter serves for the detection of 

model's adequacy; if p = 0 the model is formally adequate. 

If p <'O, there is too much of the quasielastic component, 

hence there must be motions additional to those assumed in 

the model. 

When this procedure (with S ( z , w )  corresponding to a 

rotational diffusion of the molecular "halves" was 

applied to the QNS data for nondeuterated PAA, the 

following results were obtained by fitting : 

PAA (temp.122'C ,sc. angle 30' ) tl = 5.7 ps p = -0.03 

tl stands here for the rotational diffusion correlation 

time. Fig.2 presents the model curve as fitted to the 

experimental points. One can see that the p value is quite 

close to zero, which means that the model is (at least 

formally) adequate. For the methyl deuterated PAA p = 

+0.01, which also indicates adequacy of the model. The 

rotational correlation time is typical for the observation 
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window of the QNS method with our resolution. 

___... ~~ 

1 - Iteration 117 

ParCll : 5 .69984  

Par121 : -0.0345146 

Pad31  : 4.64641 

P a d 4 1  : 481323 

Chi2 = 1.16771 

a 1 fitted. 

[ 1577]/289 

10 3.2 34 16 28 4.0 4.2 4.4 4.6 4.8 50 5.1 5.i 5.6 i8 60 $2 i 
E (mev) 

FIGURE 2 .  Neutron spectrum after the inelastic background 
subtraction for the nematic PAA. Solid line - the fitted 
curve. Broken line - the derived QNS component. Model (one 
motion only) : reorientation of the molecular "halves" . 

The same procedure (again with S ( 2 , w )  corresponding to 

a rotational diffusion of the molecular "halves") when 

applied to the QNS data for the nondeuterated PAP gives : 

PAP (temp.144 C ,sc. angle 30 ) tl = 4.0 ps p = -0.39 

PAP (temp.154 C ,sc. angle 30 ) z1 = 3 . 3  ps p = -0.44 

PAP (temp.144 C ,sc. angle 40 ) z1 = 2.8 ps  p = -0.30 

PAP (temp.154 C ,sc. angle 40 ) x1 = 2.6 ps p = -0.35 

One can now see that the p value departs significantly 

from zero, indicating that there must exist additional 

motions which were not taken into account in the model. It 

should be pointed out that -cl has no clear physical 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
07

 1
8 

Fe
br

ua
ry

 2
01

3 



290/[ 15781 R. PODSIADLY AND J.A. JANIK 

meaning, when p departs from zero so much. For the ethyl 

deuterated PAP p = ca. -0.08, which is much closer to 

zero. This, and the fact that model works for PAA, 

indicates that the additional motion in PAP is localized 

in the ethyl terminals. 

Now we assume that, in addition to the rotational 

diffusion of the molecular "halves", there are (in the 

ethyl terminals) 120' - angular jumps, around the 

O(ethoxy)-C(ethoxy) axes. This means that for the H atoms 

of the ethoxy groups the scattering law has to be taken as 

a convolution of the scattering law of the molecular 

"halves" and' that of the interconformational angular 

jumps. (In addition, this must be still convoluted with 

the instrumental function G ( w )  ) .  The computational 

procedure was the following : the residence times z lzo~ 

for a particular conformation of the ethoxy terminals were 

parametrized, whereas the rotational diffusion correlation 

time ti of the molecular "halves" and the p parameter were 

subjected to fitting. The results are shown in Fig.3 . One 
can see that for the r120~ = 5 ps the p value is quite 

close to zero, which means that the model is formally 

adequate. The optimized results are : 

PAP (temp.144 C ,sc. angle 30 ) z* = 3.7 ps p = -0.003 

PAP (temp.154 C ,sc. anqle 30 ) z1 = 2 . 9  ps p = -0.02 

PAP (temp.144 C ,sc. angle 40 ) z1 = 2.0 ps p = -0.02 

PAP (temp.154 C ,sc. anqle 40 ) r1 = 1.8 ps p = -0.05 

for equal to 5 ps. 
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FIGURE 3 .  PAP : p vs. residence time of the second motion. 
One may see that the model which takes into account the 
two motions gives the best adequacy for the residence time 
value 5 ps, for which the p value is close to zero. 
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One can see that the two-motions model seems to work 

well for PAP. It is, however, not quite correct, since the 

ti times show some dependence on the scattering angle. One 

possible explanation is that a smaller step in t120~ 

parameterization would give more accurate values for the 

conformation residence times, which might lead to slight 

corrections of the other time values. Another explanation 

is that in our calculation we assumed the independence of 

the two motions (by assuming the convolution of their 

scattering laws). This needs not necessarily be true. 
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