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ABSTRACT

Infrared absorption spectra of cyclopentanol=0H

and ~0D have been measured in the 16 - 3700 cm™

fre-
quency range for crystal IV, II{, II, I and ligquid
phases. The role of both the hydrogen bond and the con-
formation of a molecule in polymorphism is discussed.
The polymorphism of cyclopentanol has been previ-
ously investigated by several methods. In calorimetric
measurements1’2 the temperatures of phase transitions
and their thermodynamic parameters were determined.
Dielectric studies5 showed that phases I and II were
rotator phases and allowed the length of hydrogen bond~
ed chain polymers to be estimated. Fundamental data on
4

the crystal structure of rotator phases are glso known.

l{owever, information on the mechanism of phase transi-
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tions is not complete and the fecters influencing poly-
norrhism are not known yet, The aim of this work wus

to study the role of both the hydrocgen bond and the
conformation of a mclecule in peliymorphism of cyclo-
pentanol. In vizw of the results obtained recently lor
c;,rc]_ohexanolrp it seemea that the use ©i the inirared
snectroscopy methot nay give interesting informstion,

seSULTS oD LIsCUssIod

The temperature derendence of the abscrntion spec-
trum of Csﬁgoﬁ and U was measured in the tempersture
rutige of 90 - 300 « and in the frequency range of 16 -
270U em™" with a UISILAB FTS 14 spectrometer, The tem-
serature range studied covers all known crvstalline
phases and the liquic rhuse, 1he reguency range covers
toth the lattice mcde region (below ca 27U cm°1) and
the internal vibration region (above 27U cm™'). Eepre-
sentative results are shown in Fig. 1 - 3. Figure 1
showvs the abscrption spectra of phases I and IV of cye-
lopentanol-uli (CFUL-Uii) and ~Ji =bove 450 cm™'. The
spectrum of phase II as well gs tlet of liquid is prac-
tically identical with the spectrun of phase I, This
fact, Tound fer all plastic crystals inveatigated, con-
firms the rotational character of phases I Qnd Il. In
splte of the above mentioned close similarity of the
spectra the phase Il - phase I transition and the nelt-

ing transition are noticeable due to slight changes of
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FIG. 3 1Infrared absorption spectra of cyclopentanol=-
OH in the lattice mode range. From the top: liguid
(262 k), phase I (243 K), phase II (203 K), rhase III
(192 X} and phase IV at two temperatures.
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peax intensities of certain tands (100u, 1080, 1130

cu—q). Trhe coupsarison of the zpectra for CPUL-UH and
~JL raxes it possibie to assign the modes of Ch and UD
£TOULs. Some uncertaeinty still remains about the OD in
plane bending band (LD ip bend)} which overlaps the
atrong band at tuul ca™'. 4 few of UH end OD bands
paraieters are given in Tables 1 and 2. It can be add-
ed that & rich structure of the uli and UD out of plane
Lending bands smears out gradually under heating and
disappears completely just at the phase III - phase II
tranaition,

figure £ rresents the characteristic changes visi-
tle ut the phuse IV - phase 11T and phase 1II - phase
II trensitions in the internzl modes range. The most
laportant fact for further anulysis is the disappear-
ance 0f a rather strong band at 1080 cm'1 in the phase
II - phase III trunsition, This has been observed for
both UH snd OD compounds. There are alsao certain
changes of the strong band at 10cu cm'1. 30 it seems

reazonable to assume that the 1080 and 1000 cm™ |

bands
must be assigned to the CU stretching mode of two dif-
ferent conformations of the CPOL molecule, one of the
conformations vanishing in phase III. This assumption
disagrees with that made by Durig? and leads to fur-

ther differences. For example, weax bands at 377 and

544 en” ) disappearing together with the 1080 cm™ band,
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TaBLE 1
vit znd UD Stretching Band Paraneters
PrinasS Ui 9351 a UDm ODa
v 96K 3210{25u) 2195(306)  24L0(150) 2380(23)
2a22(30) 2394 (23)
o=1.4 o=1,3
111 1GEL  Z2a5(220)  3250(105) 2420(115) 2415 (70)
11 2uk z2vu(z38) 2275(127) 2445(127) 2427 (105)
e=2,0 8=1,8
I 24Uk 3290 (245) 330G(155)  2455(124) 2455(113)
L 2seh 32z5(220) 3307(47v)  2465(130;  2463(110)
vl 1 3624 (18} F 2676(14) F
Z5¢5 sh F 2600 sh P
CC1, 2245(230)F 2485(155) P

Eznd pesiticns and full band wicdths at Lalf meximum in
is (em™ V) for phase IV, IIX, II, I, liyuid L
Ve’ it CCl, soluticn of cyclopentanol.
wtion: F and P, mononer and asscciated molecule
tani3s; 3ubscript & and m, cdmixture and matrix bands;
¢, ostimated linear temperature shift coefficient (in
10'“ 1'1) defined as 4P/ 4T, wrere )} corresponds to
46, ¢¥ and AT denote freguency and temperature change,
respectively; sh stands for shoulder.



04:16 30 January 2011

Downl oaded At:

406

SCIESINSKA, SCIESINSKI, AND GODLEWSKA

ToELLE 2

OH and 0D Bending Band Parameters

PHaSe 0H Un 2 ODa
ip Bending
Iv 36K 1417 n 1010 o
veUZM  CCL, 1245 w, F 875 m, F
1385 w, P
op Bending
Iv 96K 686 s 510 s 560 vw, Mc
697 sh
730 w,Db 535 ww, D,
770 w,b 595 m,b 567 wvw, Dc
820 m,b 625 m,b
II 203K 690 (200%) 520(1207%)
L 300K 660 vb 490 vb
0.03% CCl4 245(110) 250 b 185(100)

Additional notation in comparison to Table 1: s, m, w,

v, b, denote strong, mediun, weak, very and broad, re-

spectively; o, overlaped band; Mc

dimer cluster states§

and Dc' monomer and
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we ussign rather to the Cu bending vibrations VLO and
V2£ of the same conformation. Internal mode frequen-
cies of CPOL-OH and ~0D below 1500 em™! observed for
phase IV at 96 K are listed in Table 3. (Ol and OD
modes are given separately in Tables 1 and 2.) assign-

ment is based on Durig’s paper7

and his numbering of
the fundamentals is followed.

The changes of CU bands at the transformation to
phase IV are very characteristic. Stretching and out
of plane bending bands give quartets consisting of two

close doublets. The splitting of the 450 cm™

in plane
bending band is smaller and only its doublet structure
is visible., at the same time the OHa and ODa admixture
doublet bands (Fig. 2 and Table 1) indicate that in
phase 1V there must be two different sublattices of
hydrogen bonds. These facts suggest that phase IV is
an ordered structure of two types of chain polymers
differing only in the conformation of their molecules,
As the "twisted" 02 conformation of a molecule would
give one possibility only, it is assumed that ia one
type of the polymers the molecules are in their "enve-
lope™ axial form ng while in the other type the equa-~
torial conformation C:q is found, This Cs symmetry
plane relates only to the skeleton of the molecule, &

final symmetry can be lower depending on the OH group

position. The splitting of the CO bands into doublets
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TLBLE 3
Internal NKode Frequencies (cm'1) end Assignment

CPUL-CH CPOL~CL assignrent CPOL-0H CPFCiL-(Dassignment

217 w,b 212 w,b 23,42 1006 vs 1010 vs p

1¢12 vs 1016 sh 12
395 w 390 M 40

400 W 397 1040 s 1041 n 25

413 Q0% w 1060 w 1093 sh

w 40 \
423 w 414 w 1066 s 1101 14,33
1072 m
446 w 430 w 22
455 w 44 w 1161 sh 1161 sh
11686 s 1173 s 18,16
575 vw 573 w 39 1175 1 1176 s
182 sh
610 vw 61C sh 21
196w 1197 m 5
81C w 2)20 1202 sh 1203 sh -
826 s 830 m 19,38 1231 n 1237 w 12
846 vs 837 n 37 1245 ww ?
852 sh 842 sh
1264 w 1257 w ?
852 vw 2V52
1285 m 1286 w 21
886 s 883 m 20
1354 sh
894 sh 892 m 18 1306 vs 135G s 9
897 s 89% sh
1319 1319 m 10
902 m 900 sh 26
1342 vs 1327 w 30
922 n 24
1435 sh
927 n 930 m 17 1437 s 1427 m 8
935 m 936 n 34 1444 sh 1442 m
1449 m 1449 m 28,29
969 vw yzo+)%9 1454 sh
985 vs 983 s 13 1475 m 1473 m 7

991 vs 992 vs

Notation as in Tables 1 and 2. Numbering of the funda-
mentels according to Durig?
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is connected with the intrapolymer Lavydov splitting
for Z=z wiile the separation of the doutlets corre-
sponds with the energy differcance betwesen the C%* znd
9 conformations. uther sourcesT estimate such & dif-
rencs &3 50 calynmole., This interpretation determines
&t the same time the conformation vanishing st thre
phase II - phase III transition as & "twisted" C; con-
formation (the Cu stretching, ip and op bending modes

1

at 1080, 540 end 377 em” ' and the ring puckering Y.,

and V,, modes probably at 245 em™) for the iijuid
phase) .

The analysis of the spectra in the lattice region
shown in ¥ig. 3 yields further information on tlre struc-
ture of polymers, The clesar disappeurance of certain
bands (24, 56 and 63 en™1) at the phase IV - phase III
transition 1s of vital importance; it indicztes that
the symmetry of a polymer becomes higher. Proposed zs-
signients are given in Teble 4. So, phase IV is built

up of polyuers of the 02 {or C_) line group symmetry.

s
4 growing amplitude of librations during heating lseads
to the phase IV -~ phase IIl trensiticn at which the
symuetry of polymer rises up to the C2v synmetry. Si-
multaneously the strength of hydrogen bonds slightliy
weakens and on the avercge becomes equal for both the

subilattices (see Tsbles 1 and 4 - note the increase of

OH_ and UD, band frequency, the decrease of Yy freguen-
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TaBLE &
Lattice Llode Freguencies (cm-q) and Tentative
Assignment
L 1 II I1I IV Mode Assignment
261K 243K 2U8K 173K 96K 90K Hydrogen Polymer
oD OH Bond C2v
24 w A5 (Ry)
36 vw
45 sh
52 sh v (R)
56 m A (R _)and
€3 1 ¥ a2(r)
67 sh
83 sh " ")
86 sh B.{(R_)and
o [ 4 2
80 86 s B2(R§)
102 vb 105 vb 106 vb 115 126 s 118 s Vs A, (K )and
120 sk ;ﬁ Aﬁ(T )
180 vb 1E8 vb 190 vt Y
198sh 200 sh % B, (E,)
235 vb 235 vb 225 vk 220 2158b 217 S,b 6,){ %2 B,.(‘I;i)and
. Vs Y2
254 s 258 s }é B1(Tx)

Notuticn as in Tables 1,2,3. additionsal notation: g?,yz,
)}, hydrogen bond stretching, in plane and out of plane
tending modes; T and R, translational and librational
rodes; 21(x) end O(x,y), the chain polymer axis and
plane.

Remezrks: CPUL-UD was not measured below 100 cm-q; the
representation of elght intrapolymer modes for two mol-
ecule chain unit under the 02v lirne factor group is
ag(T)) + ag(Ey) + a,(T,) + Ae(Ry) + B (T,) + By(R,) +
E, (E ) o+ Bﬂ(f }. For the crystal unit cell containing
twc C ax und two C ®Q nmolecules all modes could be doub-
led,
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cy and s large Incressc of the Ol and OL_ band widths).
Some modes cof 4 symmetry in the CZ group change into
nodes of Agy syrmetry in thre C2v group and thus bLecone
infrared inactive. Simultareously the temperzture
breacening of the bands smears the bavydov structure
(see Fig. 2) but the differernce between the C;q and

CX

[ 3 ]

conformations is still visible.

At the phase III - phase II traensiticn the CE
"twisted" conformation appears. This probably makes
possible fast transiticns between C:x and ng conform=
ations and the conformational structure of Cu hands ia
srneared out (see Fig. 2). It elsc introduces the con-
Toermational discorder into the crystal. The character
¢f the spectrum in the lattice mode range (i.e. the de-
crease of the g& end especially of )} frequency) alsc
sugeests the transition from the rigid CZv polymer con-
fermation to a floxitle disordered structure of Cup sym-
ietry on the average, The transiticn to phase I is ac-
compenied ty further disordering of the structure, The
decrease in the rigidity of hydrogen bend alse in the
plane of bonding ( note Llurring cf ¥ ) leads to some
deviations of the polymer linezrity. X-hay diffreeticon

4 . - .
studies suggest that the isotropic recrientation of

e

¢s is aliready possible in this phase. The ab-

-

ecu

[

IKS)
sorption spectra of phase I and of the liguid phase

sre yualitatively indistinquishable in cither the in-
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ternal vitroetion region or in the lottice mode region
(see Fige 7).

Tre propcsed interpretaticn finds some suppert in
the results of the calorimetric study?’2 It remains in
zgrrenent with the small entropy change st the phase
IV - phase III trensition and with the big chenge at
tle prase¢ III - phase II transiticn (high contritution
¢f the cenformation mixing entropy). un the other hand

t

——

is interpretaticn enables one to explain the inter-
esting pressure effects2 cbserved for the phase III -
rhase IT trensiticn by the infitence of pressure on
the cenformaticnal equilibrium of molccules,

It was foundé that firstly, in prases I, II and

X 8¢

iiguid rolecules of Gg » Cgt und C2 conformations are
T Ve 24 . + ~aX .eq

present, the cifference between C;7 and Cg conform=

ctions teconing visible but ir tlhe lower phases. Sec-

on?ly, in the phuse II « phsse III transition the €

2
confornaticr diseppecrs, Thirdly, phase IV is an order-~
ed structire cf C%* und C‘s"1 corforrmations tuilt up of

two sutleattices of hydrogen tonds. On the tasis of
trhese resuits a mocdel of phuase transformaticns in
cyciupentenol wus proposed.
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