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Conformational dynamics of a metallomesogen studied byH-NMR spectroscopy
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In this work we present a quantitative analysis of both quadrupolar splittings and deuterium Zeeman and
quadrupolar spin-lattice relaxation times reported in the literature for two isotopomers of Azpac, an acetylac-
etonate derivative of the cyclopalladated 4,4'thexyloxy) azoxybenzene. Azpadt; is deuterated at the
aromatic rings and Azpad,g is deuterated on the alkoxy chains. The additive potential method is used to
model the splittings, while the derived spectral densities are interpreted using the decoupled model in conjunc
tion with the Nordio model. The two side chains are assumed to be noninteracting and identical in their
conformations in order to limit the size of the transition rate matrix needed to describe correlated internal bond
rotations in the chains. Rotational diffusion constants and internal jump rate constants are derived for this
metallomesogen.

PACS numbd(s): 61.30.Cz, 61.30.Eb, 64.70.Md, 76.6k

I. INTRODUCTION in fitting the quadrupolar splittings using the additive poten-
tial (AP) method[18] and the spectral density data in par-

Metal containing liquid crystals, known as metallome- ticular. This work represents our effort to quantitatively ana-
sogend1], are of interest because of their potential technicalyze all the NMR observables in Azpat;: and Azpacd.
applications. Peculiar characteristics of metallomesogens afthe major assumption to limit the number of configurations
their high transition temperatures, poor thermal stability, ando 243[10,14,15 is to make both chainsi andB) identical
high viscosity. Hence, data concerning their physical properand noninteracting for modeling the intermolecular potential
ties are scarce in the literature. Among metallomesogens, thef mean torque, while transitions among different configura-
acetylacetonate derivative of the cyclopalladated 4,4'tions can be described using one ch@hainA or B) only.
bis(hexyloxy) azoxybenzen€Azpag is an exception, show- This makes the Azpac problem tractable and the results are
ing a nematic phase below 100°C. Thus Azpac has beepresented in this paper.
extensively investigated to determine some physical proper- The reorientation of molecules in liquid crystals can be
ties such as refractive indic¢g], elastic and viscosity con- described by the rotational diffusion modg$,19). The
stants[3], dielectric permitivitied4], and flexoelectric coef- model assumes a stochastic Markov process for reorientation
ficients[5]. Recently, deuterium NMR spectra were recordedin which each molecule moves in time as a sequence of small
[6,7] in the nematic phase of two isotopomers of Azpac: oneangular steps caused by collisions with its surrounding mol-
deuterated in the positions 3 and 5 of both rifiggpacd,) ecules and under the potential of mean torque set up by
and the other deuterated in the hexyloxy chdispacd,) them. Nordioet al. [8] considered reorientation of cylindri-
and their interpretations were given. In addition, deuterorcal, rigid molecules in uniaxial phases. Each molecule is
Zeeman T,z) and quadrupolarT,q) spin-lattice relaxation characterized by a rotational diffusion tensor, normally de-
times were reported by us/] for these isotopomers. The fined in a frame fixed on the molecule. A number of models
derived spectral densitie3;(w,) and J,(2w,) at w,/2m  of increasing complexity has been propog@®-24. For
=46 MHz for Azpaced, were explained by the small step biaxial molecules like Azpac reorienting in uniaxial phases,
rotational diffusion model of Nordiet al. [8], while those the Tarroni-Zannoni mod¢R2] seems in principle more ap-
measured in Azpad»g remained to be analyzed. It was propriate. However, the tumbling motion of AzpBg] was
noted that the quadrupolar splittings and relaxation behavioestimated to be very slow (3@ !) and it is doubtful
of the two alkoxy chains show distinguishable features dewhether the relaxation data can detect a nonaxial rotational
spite overlaps of some spectral lines in the-NMR spec-  diffusion motion in this case. Furthermore, the molecular
trum. Although many studies of liquid crystal molecules in biaxiality of Azpac is found(see below to be very small.
mesophases have been performi@fusing ’H-NMR spec-  Hence, the Nordio model is used as befpfg Internal ring
troscopy, the molecules studied to unravel both the order anatations of ringB about its para axigsee Fig. 1 can be
relaxation behaviors have a “single” side chditD—14 or  superimposed onto the reorientation of the molecule in the
several identical side chaing5]. Hence, Azpac presents an small step diffusion limi{25] or in the strong collision limit
interesting and challenging task for the decoupled model26]. As before[7], the small step diffusion limit for free ring
[16,17 to unravel the conformational dynamics. Indeedrotations is used for rin@ of Azpac.
when both hexyloxy chains are considered simultaneously, Correlated internal rotations in flexible chains of several
the number of configurations available to Azpac is incrediblyliquid crystals have been studied by measurements of
huge (=59 000) and simplifying assumptions must be made?H-NMR relaxation times and successfully mode[&¢-15]
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using the decoupled modgd6] in which conformational dy-  energyE,4(CCC) in comparison to that of theans state.
namics in the side chain is assumed to be independent of thghen the chain contains @'g~ or ag g" linkage, an
orientation of the molecule. All possible configurations in agdditional internal energf,- 4= (CCCC) is added because
flexible chain are generated by the rotational isomeric statghese linkages bring parts of the chain near to one another,
(RIS) model of Flory[27]. In the time domain, a master the so-called “pentane” effect. The rotational minima about
equation is constructed to describe transitions among all conhe O-G bond of the hexyloxy chains were also taken to be
figurations available to the molecule. The master rate equay +112° and a value of 124° was adopted f0€OC. =

tion is sqlved as an eigenyalue problem by diagonalizing a4 Eé+g: are used due to the presence of the oxygen in the
rate matrix which contains jump rate constants for okg} ,( chain. We set E,y=2400 J/mol, E{g=2750 Jimol, and

two- (k,), and three-bondkiz) motions. A one-bond motion e _ - :
involves rotation of the last carbon-carb@+-C) bond in the Egugz=EBg. gz =6500 J/mol. These internal energies are

chain, while a two-bond rotation is defined as the rotation oﬁgmgsar:ge;gotgtozef:;i? fo?‘rZGSﬁ]e?r::%rtr:‘s;g gr;\c/jiitgthose
the penultimate bond (2Cs in a hexyloxy chain with all ; . .

the other C—C bonds in the chain remaining the same excefi$€d N 8OCH[29]. The O-G bond was fixed on the ring
the last one, which may or may not rotate. A three-bondP'ane for each chain to give 243 conformations. As men-
rotation is tr,1e interchanging of two alternatee., next- tioned before, the two hexyloxy chains are identical in con-

nearest-neighbdbonds, which is the well known crankshaft form:tlon and lonlylonr:e cha|:1 Its Icopszlggrgifexplltcltly sf_o that
motion in the chain. These elementary jump constants arH‘e Zpac molecule has a total o Iterent configura-
ons at any time. However, it is known that the molecular

phenomenological model parameters used to mimic intern | )
chain dynamics. It is noted that in our decoupled model, ragment formed by the Pd atom and the coordinated groups

single “average” rotational diffusion tensor is assumed. In the gcgtylacetonate ligand and the phenyl dgis _pIanar
other words, rotational diffusion tensors for different con-2nd rigid, and ”le angled] formed between the ing para
formers do not deviate substantially from each other. This i&X€S is about 7°; a dihedral anglg)( of about 41° is re-

a consequence of a massive aromatic core in comparisdip/t€d between the planar fragment and the phe?yl Eng
with its side chaifs). Order director fluctuation9] are an- 30]'°A.S a result, one must consider bog=+41° and
other possible relaxation mechanism in liquid crystals, buf”41° in fitting the observed quadrupolar splitings. For
their contributions are often negligible in the MHz region. SPectral density calculations, we found that the differences
Our data were collected at 46 MHz, thereby making ordef0r ¢=+41° and—41° are minimal. This is probably due to
director fluctuations unnecessary in the present study. our assumptioli7] of free ring rotations in modeling the ring

The paper is organized as follows. Section Il outlines arP data. Hence, spectral density calculations were performed
extension of the basic theory appropriate for analyzing botfPnly for ¢=41°. o
the quadrupolar splittings and spectral density data in the " modeling the quadrupolar splittingsA ¢;) of the G
nematic phase of Azpac. Section Il describes results angeuterons, the segmental order parameters are calculated
discussion, while Sec. IV gives a brief summary. from

Il. BASIC THEORY Seb=2An/30ch, @)

In this section we outline the necessary procedures anwhere qg)D is the quadrupolar coupling constant for the C
formulas for discussing the measured quadrupolar splittinggdeuterons and is taken as 165 and 185 kHz for methylene
and spectral densities of motion. The molecular mean fielénd ring deuterons, respectively. In the AP method, the po-
theory based on the AP method has been well documentdéntial energyJ(j,{}) of a molecule in a conformationand
[9,18] in the literature, while the decoupled mod®©|11,14 a particular orientatiofi? with respect to the director is given
has been recently proposed. The geometry used to describg
the C—C backbone of the alkoxy chains is identical to those
used before[28], i.e., ~ CCH=107.5°, LOCC=~CCC U(j,Q)=Uin(j) + Ui, Q), 2
=113.5°, ZHCH=113.6°. The dihedral angles for rotation
of a C-C bond in the chain ar¢=0,=-112° for the three where the potential of mean torqué.,(j,(2) originates
RISs. These correspond to thrans (t), and two symmetric  from the molecular field of its neighbors, atd}(j), the
gauche(g=) states. Thegauchestates have higher internal internal energy, is assumed to depend on the numiigy (



PRE 61 CONFORMATIONAL DYNAMICS OF A METALLOMESOGEN . .. 1561

and not the location of thgauchelinkages in the chain, as para axis is taken as 61°, while ttné’Q angle between the
well asNg- 4=, the number ofj"g~ andg g" linkages in  C—D bond and ringA para axis is taken to be 63°. These
the chain choices can only be rationalized by the improved fittings of
static and/or dynamic observables, since the nominal value
Uint(J) =2(NgE(g+Ng=g=Eg+g7). (3 for LCDin a phenyl ring is 60°. The larger value for ridg
could probably be justified by the presence of the Pd atom.
Indeed we found that the fits of our relaxation data were
hardly affected by makin@éyQ=61.5° at the carbon 3 site.
This was not the case for its corresponding quadrupolar split-
ting. We label the two hexyloxy chains as ch#@irand chain
B on the ringA and ringB, respectively. To calculate ring
243 0 splittiggs, thhe diregtion cosines in EI(Q) rlnu?t first be detgr—d
(i) — M amiy 77 ani_ oni mined. To this end, a common molecular frame is needed to
Seo™ ngl Peq| Saat 3~ (Sob~ See) @ constructU,(n,Q). Although the choice of this common
_ frame is not crucial, we find that the(,yy,zy) frame at-
where 7", the asymmetry parameter of the electric fieldtached to ringB is convenient(see Fig. 1 The direction

The factor of 2 is to account for two hexyloxy chains in
Azpac. In the principal axisg,b,c) frame of the nuclear
quadrupolar interaction and lettir@], be the segmental or-
der parameter of the ;€D bond (along thea axis) of the
molecule with conformatiom, one has

gradient, is defined by cosines for the4,b,c) axis system of each ring C—D bond
0 0 (i) in the (Xy,Yn,2n) frame can easily be obtained and those in
7= (dpp~ Acc)/daa, 5 Eq. (9) are then obtained through a transformation from the

, - - _ . common frame to the principak(y,z) frame. Besides the
with agi= q(c_')o, and pen), the equilibrium probability iy, cp angle, the diFr)ectioFr: cc?s/ingas for rivgdeuterons
yvh|ph specifies fraction of molecules in the conformation i, olve 4, andlorg. The angled between the two para axes
is given by is taken to be 6° in this study.
1 To construcl ,(j,Q), itis assumed that each conformer
PedN) = Zqu_Uint(n)/kBT]Qni (6)  can be divided into a small number of rigid segments. Each
segment is associated with an interaction tensor that is inde-
pendent of the conformation. Suppose that the aromatic core
including the G,-O bonds has an interaction tensdf) and
each C—Qor O—C) segment has an interaction tensg.
By assuming both local interaction tensors to be cylindrically
Qn=f exXf — Uey(n,Q)/kgT]dQ, (7)  symmetric, only two interaction parametexg and X.. are
needed irMJ(n,(), whereX, andX,. are for the core and
andZ, the conformation-orientational partition function, be- @ C—C bond, respectively. In a loadl,2,3 frame where the
ing given by 3 axis is along the C;; bond, the 1 axis is in the plane
bisecting the HCH angle, and the 2 axis is chosen to com-
plete a right-handed Cartesian coordinate system, the C-D
Z:; exf —Uin(n)/kgT]Qy . ®  vector Vcp is easily found. To obtain this vector in the
(Xn YN 2Zn) frame, for chainB
For the methylene deuterong=0 is a good approximation,

with Q,,, the orientational partition function of conformation
n, being given by

while for the ring deuteronsy is taken as 0.0431]. Now the VB —Ru-Rio R .\ (10)
order parameter for a particular directikim conformationn Co™ TNATRL2T T T 1 T CD
may be evaluated in the principalx,f,z) frame of .
Uex(N, Q), and for chainA
XY,z = A N
Sy = D S cogen 9) Vep=RanRy1R12 - - Rj-1jVep, (11

_ _ whereR;_,; is a rotation matrix that transforms between the
where ¢, denote angles between tké=a,b,c) axis and @  jth local frame and thej( 1)th local frame, an®Ry v/ is a
principal a(=x,y,z) axis for the G-D bond, andS},,, the  rotation matrix that transforms between the local chain
principal order parameters of theh rigid conformer, can frame ({;,y},zy) to the common frame. To obtain the di-
easily be evaluatefB2]. Of course, the constructed interac- rection cosines in Eq9) for chain deuterons, Eq$10) and
tion tensorUe,(n,(1) using the AP method must first be (11) need to be multiplied from the left bR, y where the

diagonalized to find the principak(y,z) frame for confor-  ya1ign matrixR, y contains the eigenvectors;) obtained

mationn. in diagonalizing the total interaction tensdlﬁ for each con-

In Ca'cu'a!“'."g the rind3 quadrupo[ar Spl'tt".qg' LIS NECeS- 5 mer. As the two chains are identical and noninteracting,
sary to explicitly consider internal ring rotations, i.e., toav- .~ . .
€, 1S simply given by

erage the splittings from the two nonequivalent deuterons in
the ring due to rapid 180° ring flips. Of course, this is not
done for ringA as it is part of the group coordinated to the egﬁz eﬁf}% RNYN,RN,Vl)\QBR,;,l,lR,QlN,Jr RNyl)\gﬁngll,

Pd atom. The ang|gg ,, between the C—D bond and ririy (12)
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where the first term is for the molecular core, the second and P

) 3 )
third terms are for chairk and chainB, respectively, and IV (mw)= T(q(c%))zg [d20(BY )12

(\Ifﬁmn)K(q)ﬁmn)K
K (D2 )2+mPw?’

x23=j2 Riy Ri_1je€9R YRz (13 (18)

A similar approach in constructind;ﬁ has been used before wherem andn represent the projection indices of a rank 2

[15]. Finally, we use Eqg6)—(11) to computeSl), in Eq.(4)  tensor in the laboratoryz() and molecular %) frames, re-

separately forp=+41°, and the calculate8{)S is given spectively,®7,,/D, , the decay constants, are the eigenval-
by ues of the rotation diffusion operatorl’Y matrix and

(\Ifﬁmn)K, the relative weights of the decaying exponentials,
_ 1 _ are the corresponding eigenvectars;3A or 5A for the deu-
S(C')Dca'°=§[SS)D(¢= 41°)+S{(¢=—-41°)]. (14  teron atcarbon 3 or carbon 5 site. N@§a' = B o— 1° and
BYE'=BRo+1°. Note that thd™ operator contains explic-
By fitting the measured segmental order parameﬁéf}sto itly the orienting potential and the rotational diffusion con-

Eqg. (14) at each temperature, the interaction paramexgrs stant;DH andD, . For _the deu.terons on ring, the abovc_e
and X.. can be determined. Furthermore, the order param?quat'on must be modified to include internal ring rotations

eters(P,) and(S,,—S,,) for an “average” conformer of with a diffusion constanDg . The resulting spectral densities
the molecule can Xbe e\ialuat&[l. In solving the rotational for ring rotations in a small-step diffusive limit are given by

diffusion problem of a “rigid” molecule, Nordicet al. [8] 3772
used a second rank potential of mean torgl(gs), IB) (me)= T(q(CFB)ZZ > [dh ol BRI dAm (01)]?
n mg
uip (3 1 p2 d2 Y+ maD
kB—T—a20 ECOSZB— E)' (15) XE ( mnn)K[( mnn)K R R] (19)

K [(@Rnk+MRDR]+m?w?’
whereg is the angle between the molecular long axis and the
director. The above potential is specified by the second ran
coefficienta,y, which can be determined from a knowledge
of the nematic order parametéP,).

The spectral density,,(mw) may be evaluated by Fou-
rier transforming the autocorrelation functi@y,(t),

here ' =6—1°. Finally, to treat correlated internal rota-
ions in chainsA and B, one should realize that both chains
behave the same way in their respective lood] .,y ,zy)
and Xy,Yn.2Zy) frames under our assumption of identical
chains. A further coordinate transformation to the
(X4,Yq,2g) frame makes the final spectral densities for the
372 . deuterons on chaiA and chainB different. Thus, the relax-
IV (me)= _(qg)D)ZJ’ Gn(t)cogmet)dt, (16)  ation behaviors of the two hexyloxy chains are slightly dif-
2 0 ferent simply due to a geometric factor. According to our

] ] decoupled model, the spectral densities for the methylene
whereG,(t) may be expressed in terms of the Wigner rota-geyterons in chai are given by[10]

tion matrix Drznn(Q) in the fluctuating spin Hamiltonian

372 243 | 243
() = (g2 2 (P1yg2 '

Gu()=(D2[Qo(O)IDZ[ QoM ]), (17 IR (me)=—-(a)’> ,Zl 2, dfy o B (0)

where the angle brackets denote an ensemble average and the .

Euler angles) o(t) specify the orientation of the principal Xexp[—imNaﬁ”)Q']xl(l)x,(”

axes of the electric-field-gradie(EFG) tensor(the % param-

eter is set to zero hersvith respect to the laboratory frame 2 (P2 N [(P2 RPERI

whosez, axis is defined by the external magnetic field. To > K ook I (20)

evaluate G,(t), one needs to transform the EFG tensor K [(Pankt N[ 1P+ mPw?

through successive coordinate to allow for possible in-
ternalgrotations and overall reorientations. FoFr) ringf Az- where{fy anda&% are the polar angles of thepGI,D_bond

pac, there is no internal motion, and its deuterons would onl! the conformet in a local (y,yn,2y) frame andd’ is the
sense the rotational diffusion of the molecule as a wkicke, ~ angle between the, andz, axes(i.e., 185°).\; andx() are
diffusive motions of the long moleculay, axis, see Fig. )L ~ the eigenvalues and eigenvectors obtained by diagonalizing
From our previous study, the, axis was found6] to lie ~ the symmetrized transition rate matrix of the master rate
between the two para axes and make an angle of 1° with théquation. A similar equation to E§20) can be written for
para axis of the more ordered rilg We assume the same chainA by changing Xy ,Yn,2Zn) t0 (X, YN ,28) andmy to

axis system to diagonalize the rotational diffusion tensomy . #’ now represents the angle betweenzfjexis and the
with principal element®| andD, , which are the rotation z, axis(i.e., ' =1°). Equationg18)—(20) are used to model
diffusion constants about thgy axis and of thezy axis, re-  the derived spectral densities from Azpdcand Azpacd .
spectively. According to the Nordio model, the spectral denAt each temperature, there are six motional model param-
sities for deuterons at sites 3 and 5 in riAgare given by  eters. These arB, D, , Dy and the three jump rate con-
(using the notation of Ref22]) stantsky, ky, andks.
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[ . . . L FIG. 3. Plot of experimental quadrupolar splittings vs calculated
0 10 5 0 0 -10 5 0 quadrupolar splittings of Azpad; and Azpacd,g at 363 K.
T- Tc (K) Fig. 2 as solid and dashed curves for ch@ing) A and chain

(ring) B, respectively. It should be noted that the previous
assignment ofAv,>Av; [7] is not predicted by the theory
here. The incorrect prediction of splittings at &d G, has
occurred in previous mean field calculations for other liquid
grystals[l4,2&. In addition, the peculiar temperature behav-
ior of ring A splittings is not reproduced. This could perhaps
be explained by a slight temperature effect on the distortion
of the ring A structure. In the temperature range where we
study the relaxation behaviors, the fits are quite good, as
evidenced in Fig. 3 fol-T¢=5 K. The derived P,) values

are comparable to those obtained previously based on the
Azpacd, data only[6], and the derived interaction param-
etersX, and X, are sufficiently accurate for evaluating the
equilibrium probabilityP.{n) needed to describe chain dy-

. . namics below. We plotP,) and(S,,—S,,) for an “aver-
The experimental details have been reported beiafg. age” conformer of the Azpac molecule, as well g and

Unfortunately, the NMR relaxation data collected in Azpac—XCC versus the temperature in Fig. 4. The molecular biaxial

d,g did not cover the same wide temperature range as Azpac- : .
. i " rder paramet - s found to be quite small, mak-
d4. Since we want to interpret both the splittings and spectracf P &S Syy) Is fou qu

. o ng Nordio model a good approximation for describing mo-
densities from these samples, we are limited to a narro g 9 PP g

Mecular reorientations.
temperature range (.)f about 7 ”eTaJ(:?’Gf_‘ K) when con- Figure 5 reproduces the spectral densities of Azpac versus
sidering the relaxation data of Azpac. Figure 2 shows thqh

d | litt functi f t i thale difference in temperature from.. Some sinusoidal
qua rtgpo ﬁr Sp 'f'zgs ;S a duzc |orédo (:/Imper? l:ée |r; Qariations in the spectral density data are not real and they
nématic phase of Azpaty and Azpacdys. Vi€an lield cal- g5y reflect relatively large experimental uncertainties. In-
culations of segmental order parameter profile at each te

t dina to EL4 ied ouL t del th eed smoothed data are used as experimental values for
perature according to Eq .)_werel carried out to model the 5 yq fittings. To model spectral densities from the core and
observed quadrupolar splittings in Fig. 2. An optimization

; e chain deuterongexcluding the methy)s AMOEBA was
routlned(AMOfEBA) was used[33] to minimize the sum used to minimize the mean-squared percent deviaftgnirg
squared errot, an individual target analysig.e., analyzing one temperature
at a time,

FIG. 2. Plots of quadrupolar splittings versus the temperature
Solid and dashed curves represent fits for chainring) A and
chain (or ring) B, respectively.(a) Azpacd,s: closed squares,
circles, up triangles, and down triangles denofe?CC5, C3(C5),
and @'B, respectively. Open up triangles, squares, and diamond
denote G, C;, and C, respectively. The calculated curves
(drawn through theoretical pointstarting from the top are forf(;

c?, c, C8, 5, C,, C3, CE, C8, and &, respectively. Note
that the experimental splittings of;Gand G, are reversed from
those predicted by the theorfp) Azpacd,: squares, triangles, and
diamonds denote &5 C5, and &, respectively. The calculated
curves starting from the top are fof CC;, and G5, respectively.

Ill. RESULTS AND DISCUSSION

f=2i (ORI (21)

2

J(k)cal mw)_J(k)expt mo
- m )100 :

JUIEXPt ()

where the sum overincludes all the methylene deuterons in (22)
C; to Cg from both chains, as well as riny and B deuter-
ons. Thef values at different temperatures are of the order of

3x10 3. The fits to the quadrupolar splittings are shown inwhere the sum ovek includes all methylene and ring data

F=> %

k



1564

DONG, MORCOMBE, CALUCCI, GEPPI, AND VERACINI

7 T 0.7 T T T T T 30 —— T T T T
90 . ==
. (a) A
6 b 06 = °
80 ) n q25L
n Thel
3 S
g5f i o5 70 o, AT 7
- — *
2 5 C . 200
— 0] : 60 ”_"‘:/ 4
g 4 1 &0l 2
£ T B ‘
c o C 50F .
= 5 ® o o 15+
a5l 103t o 7o SR -
c = = o n g T
S o © 40 o ]
4‘3’ et
© 2 ° A
— (D A °
9o 2r 1 oz2f o 4 a 10
= w
ay
&
1r 1 odf 1 or 1
5_
10F —-e--® & o o -
_|:| o o a s} I:l_ | o o o o o o "’g‘”é ----- —»:_, f,:
0 0.0 9 v v v ¢ ®
—_— eV
1 1 ] I 1 1 1 1 I N 1 0 1 1 1 1 1 I3 v 0 1 ¥| ; I¥ i ¥ 1 % 1 v
12 10 8 6 -4 -2 0 12 10 8 6 -4 2 0 7 6 -5 -4-3-2-120-76-5-4-3-2-1290
T-T.(K) T-T.(K)

FIG. 4. Plots of interaction parametexg (closed squar¢sand FIG. 5. Plots of spectral density data at 46 MHz for Azpac.
Xcc (open squargs as well as order parameters for an averageClosed and open symbols represénfw) and J,(2w), respec-
conformer(P,) (closed circlesand(S,,—S,,) (open circlg¢ vs the tively. (8) Squares, up triangles, and circles denote ring dat§at C
temperature. C3, and G, respectively. Diamond and down triangle denote chain
data at § and G'B, respectively(b) Squares, up triangles, circles,
diamonds, and down triangles denote chain datafaf CC5'B,

2(CH), C;, and GB, respectively. Solid curves denote calcu-
ated J;(w) and J,(2w) in chain (ring) A, while dashed curves
denote calculated;(w) and J,(2w) in chain (ring) B. The pre-
dicted curves ina) (drawn through theoretical pointirom the top
are ringJ; (w) of C§5, C&, and @, ring J,(2w) of C§5, C&, and
C%, chaind,(w) andJ,(2e) of C5 and chainl, (o) andJ,(2w) of
Cz'®, while in (b) from the top down are fod;(w) of C} and @,
J,(2w) of C} and G, J,(w) of C5 and G, J,(2w) of C; and
C3, Ji(w) of C5(CB), J,(2w) of C5(CE), Ji(w) of C;, and
(23)  J,(2w) of Ch.

andm=1 or 2. The fitting quality factoQ in the spectral
density calculations is given by the percent mean-square
deviation

zk: 2 [JSTI:)caIc(mw)_\]gli)expt(mw)]z
o=—" X 100.
2 2 [P (mae) )2

Since the?H-NMR signals from carbon 3 of chaiA and  quite small, and may be impossible to discern experimen-
carbon 4 of chaiB are completely overlapped, making sepa-tally. Figure 6 shows the site dependencesJgfw) and

rate determination of their individudl;'s impossible and the J,(2w) at 361.7 K and their calculated values using the de-
calculated spectral densities for these two sites are quite ditoupled model. On the whole, the available spectral density
ferent, averages of the calculatdgs and J,’s from these data from Azpad, and Azpacd,g are reasonably fitted with
two sites are used to compare with the observed spectralur simplified motional model for a nematogen having two
density values. At each temperature, there are 26 spectraide chains of same lengths. Thus it would appear justifiable
densities(with some of them being identical due to spectralto use the major assumption of identical configurations for
limitations) to derive the six motional parameters. We foundthe two noninteracting side chains in Azpac. Figure 7 sum-
that theQ values are better at the low temperature end thamarizes the rotational diffusion constants and jump constants
those neafl -, varying from 1.4% to 6%. The po® values at several temperatures examined in the present study. Be-
are mainly due to rather scattered riAgdata obtained near cause of the narrow temperature range, it is impossible to get
Tc (e.g., at 365 K,Q=4%). Indeed when better spectral a handle on their temperature dependences. For exaBple,
density data are available and in particular over a wider temis essentially independent of temperature andDRevalues
perature range, a global target analyi§4] could be carried for ring B are around X 10° s as found in other liquid
out. The fits to the spectral density data are shown in Fig. rystals[9]. As expectedD>D, . It is, however, interest-

as solid[for chain(ring) A] and dashedifor chain(ring) B] ing to see that bothDj(=2X 10’s™Y) and D,(3-5
curves. As seen in this figure, the predicted differences in the< 10° s™1) are at least an order of magnitude smaller than in
spectral densities at the corresponding sites of chaamd  conventional rodlike liquid crystal®]. We note thaD| and
chainB as well as for carbons 3 and 5 in rigare in general D, could only be estimated previous|y] based solely on
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FIG. 6. Variation of the spectral densitids(w) (closed sym- FIG. 7. Plots of rotational diffusion constanB, (closed

bols) andJ,(2w) (open symbolswith the deuteron position in the Squares Dy (closed circles andDg, (closed triangles as well as
nematic phase of Azpad'& 361.7 K). Triangles and circles denote JUmp constantk; (open squargsk, (open circley andk; (open
data from chaingrings A and B, respectively. Solid and dotted triangles vs the temperature in the nematic phase of Azpac.
lines are predictions for chaifring) A, while dashed and dot-

dashed lines for chaifring) B. Note that the chain data at this IV. SUMMARY

temperature were obtained by extrapolating the experimental data. o . -
P y P g P A guantitative analysis of both the quadrupolar splittings

and spectral density data from two isotopomers of the met-
the ring data of Azpad. As demonstrated here, the inclu- allomesogen Azpac is reported in this work. The proposed
sion of both the ring and chain data in an individual targetmotional model is used to account for a rodlike liquid crystal
analysis can remedy this difficulty. The jump constantsmolecule having two identical chains like Azpac. Indeed to
ki, k,, andks behave similar to other liquid crystals studied reduce the number of possible configurations in Azpac both
so far. Again the three-bond motiokf=6x 10'® s™ 1) isthe  in the AP method and decoupled model for conformational
fastest internal motion. To illustrate the error limits in eachdynamics, the two side chains are assumed to take the same
of the model parameter, we use the data at 361.7 K. Theonfiguration for the purpose of fitting the quadrupolar split-
error limit for a particular model parameter was estimated bylings, and only one chaieither theA or B chain is consid-
varying the one under consideration while keeping all othefred explicitly for explaining the deuteron spin relaxation in
parameters identical to those for the minimFnvalue to ~ AZPacdzs. As a result, Azpac has 243 conformations and
give an approximate doubling in tifevalue. We found that the transition rate matrix has the dimensions 2223 and
any lowerD, value O, =3.15x 10° s™1) did not affect the can be handled in a reasonable computing time. It is fortu-

fits and its upper error limit was 7.%516f s~ X, The error nate and surprising how well the assumption works for Az-
limits for D; ranged between ' 18107 S_.l to 30 Pac Relaxation data at a different frequency when available

%10’ s 1 In estimating the error limits foks. no upper &Y S€rve as a further check. The derived motional param-
limit Ia be found 9 the fit . 3.’t. i P | eters, though over a small temperature range, are physically
imit could be foun Gaf'l € Tits were insensitive 1o va uesplausible and represent new physical properties obtained in a
higher than 5.6 10'®s 1. Its lower error limit was 5.2

RE e 021 metallomesogen. We hope that this paper would stimulate
X1 32 .Ihe error limits fork, were 1.5< 11 j and  fyrther NMR work, in particular relaxation measurements, in
6.1x10"s™*, while those fork, were 7x10"s™* and 3 thjs class of metal containing liquid crystals.

x10*? s 1. Finally correlations among various model pa-
rameters are addressg86]. The correlation coefficient be-
tweenD| andD, is 0.93 and between one of these widiy

is very small. The correlation between one of jump constants The financial support of the Natural Science and Engi-
and eitherD or D, is between 0.2 and 0.3, while between neering Research Council of Canada is gratefully acknowl-
one of these jump constants ai; is zero. Correlations edged. WeR.Y.D. and C.A.V) thank NATO for a collabo-
between pairs of jump constants are in the range of 0.80+ative research granfNo. CRG97053Y for a project on
0.85. metallomesogen.
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