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The IR  spectra o f  four liquid crystalline, partia lly fluorinated compounds are investigated as a function o f  

temperature. The band assignments are based on  dispersion-corrected density functional calculations, perform ed 

w ith  the BLYP-def2SVP and BLYP-def2TZVP methods, on the isolated molecules in tw o d ifferen t conformations. 

The scaling param eter betw een  the experim ental and calculated wavenum bers is obtained. The def2SVP basis set 

gives better agreem ent o f  the computed wavenum bers w ith  the experim ental wavenumbers. A lthough the 

def2TZVP basis set leads to an underestim ation o f  the wavenumbers, it reproduces correctly the splitting o f  the 

absorption bands arising from  the stretching o f  the C— O bonds. The temperature dependence o f  the vC— O bands 

indicates the form ation  o f  the hydrogen  bonds betw een  m olecules on cooling, although no dramatic change is 

observed during vitrifica tion  o f  the smectic Ca * phase.

1. Introduction

In fra -red  ( IR )  sp e c tro sco p y  is  a w id e ly  used  t o o l  in  o rg a n ic  ch em is try  

fo r  in v e s t ig a t in g  in tra -m o le cu la r  v ib ra tio n s , a n d  it  is c o n s eq u e n tly  

a p p lied , a m o n g  o th e r  p rac tices , to  a scerta in  th e  s tru ctu re  o f  p rod u cts  

and  th e  p u r ity  o f  com p ou n d s , to  d e te rm in e  th e  ex ten t  o f  in te r -m o le cu la r  

in te ra c tion s , to  o b s e rv e  th e  d ep en d en c e  o f  pa rt icu la r  v ib r a t io n a l m o d es  

on  tem p era tu re  an d  ph ase tran s ition s , an d  to  id e n t i fy  d e c o m p o s it io n  

p rod u cts  [1 - 1 6 ] . T h e  a im  o f  th is s tu d y is to  c o m p a re  th e  IR  sp ectra  o f  

fo u r  ch ira l co m p o u n d s  fr o m  th e  3 F m X 1P h X 26  fa m ily , w h ic h  ex h ib it  

ch ira l sm ec tic  l iq u id  phases th a t in c lu d e  th e  a n t ife r ro e le c tr ic  sm ectic  

Ca *  (S m C A* ) ,  fe r ro e le c tr ic  S m C *, an d  p a ra e le c tr ic  S m A * phases 

[1 5 - 1 8 ] , an d  th e  Sm C a*  sub-phase [1 9 ] . T h e  m o le cu le s  o f  s e le c ted  

com p ou n d s  d if fe r  in  th e  le n g th  o f  th e  n on -ch ira l te rm in a l ch a in  (m  =  5 

o r  6 )  a n d / or b y  flu o ro su b s titu tio n  o f  th e  b e n ze n e  r in g  (X 1 =  H  o r  F; X 2 =  

F ), b u t th e  le n g th  o f  th e  te rm in a l CrH 2r+ 1 ch a in  ( r  =  6 ) is k ep t constan t, 

as p resen ted  in  F ig . 1. A c c o rd in g ly , th e  s im p lif ie d  m X 1X 26  a b b re v ia t io n  

is u sed  h e re in  in s tea d  o f  th e  3 F m X 1P h X 26  fo rm . T h e  ph ase tra n s it ion  

tem p era tu res  fo r  th e  in v e s t ig a te d  co m p o u n d s  a re  c o l le c te d  in  T a b le  1 . 

A lth o u g h  th e  IR  sp ectra  o f  th ese  co m p ou n d s  a t ro o m  tem p era tu re  h ave  

a lre a d y  b e e n  r e p o r te d  [ 6 ] , th e ir  tem p era tu re  d ep en d en c e  a n d  fu ll

c o m p u ta t io n a l a ss ign m en t h a v e  n o t  b e e n  in v e s t ig a te d  ye t.

D u rin g  c o o lin g  a t 3 -2 0  K /m in , th e  5 H F 6  a n d  6 H F 6  co m p o u n d s  fo rm  

th e  v i t r i f ie d  Sm CA*  phase, a n d  th e  crys ta l p h ase app ea rs  su b sequ en tly  

u p on  h ea tin g  (c o ld  c ry s ta ll iz a t io n ). T h e  g lass tra n s it ion  tem p era tu re  Tg 

in creases  s tro n g ly  w ith  th e  in c rea s in g  c o o l in g  ra te , w h i le  it  is ra th er 

con s tan t fo r  d if fe re n t  h e a tin g  ra tes a n d  eq u a l to  233  K  fo r  5 H F 6  a n d  2 3 4  

K  fo r  6 H F 6  [1 8 ] . T h e  6F F6  co m p ou n d , on  th e  o th e r  hand , c ry s ta lliz e s  at 

ra th er  sm a ll u n d e rc o o lin g  [2 0 ] , w h i le  th e  5FF6  co m p o u n d  sh ow s  the 

in te rm e d ia te  p rop e rt ie s , as its c r y s ta ll iz a t io n  o ccu rs s lo w ly  a n d  can  b e  

a v o id e d  fo r  c o o lin g  ra tes >  10  K /m in  [1 9 ,2 1 ] . S im ila r in flu en c e  o f  f lu ­

o ro su b s titu tio n  a t th e  X 1, X 2 p o s it ion s  w a s  o b s e r v e d  p r e v io u s ly  fo r  the 

7 H F 6  and  7 F F6  pa ir, th e  fo rm e r  b e in g  a g la ss fo rm er an d  th e  la tte r  

c r y s ta ll iz in g  d u rin g  c o o lin g  a t th e  2 0  K /m in  ra te  [ 1 5 ] . F u rth erm o re , the  

F T -IR  resu lts s h o w e d  a sh ift  in  th e  w a ven u m b ers  o f  tw o  o u t o f  th ree  

a b so rp t io n  b an ds re la te d  to  th e  C— O  s tre tch in g  in  th e  7 F F6  m o le c u le  

co m p a re d  to  7 H F 6  [1 5 ] . A s  i t  is h o w e v e r  n o t  c lea r  w h e th e r  th e re  is  a 

c o n n e c t io n  b e tw e e n  th e  v ib r a t io n a l d yn a m ics  a n d  g la ss fo rm in g  p ro p ­

e r tie s , it  is  thus n ecessary  to  in v e s t ig a te  th e  tem p era tu re  d ep en d en c e  o f  

F T -IR  sp ectra  fo r  s im ila r  co m p o u n d s  to  es tab lish  th e  e x te n t  o f  in tra ­

m o le c u la r  in te ra c tion s  a n d  c o n fo rm a t io n a l d iso rd e r  in  v a r io u s  th e rm o ­

d y n a m ic  states. T h e  ex te n s iv e  s tu d y  o f  th e  g lass  tra n s it ion  and
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Fig . 1. General m olecular form ula o f  the 3 Fm X 1PhX2r (o r  shorter mX]_X2r ) series. The a-j letters denote the particular moieties, w hich  are used in the band as­

signments o f  the IR  spectra. This study includes compounds w ith  m  =  5, 6 ; X 1 =  H, F; X 2 =  F, r =  6 and the m X 1X 26 abbreviation  w ill be further used.

T a b le  1

Phase transition temperatures, in K, fo r four m X 1X26 compounds, determ ined on heating [16 ,18 ,19 ]. Cr — crystal phase, Iso — isotropic liquid. The presence and absence
o f  a phase are denoted b v  a bullet ‘ « ’ and dash ‘—’ , respectively.

crystallization o f the 3FmX1PhX26 compounds is still conducted because 
(1 ) the 3FmX1PhX26 compounds serve as components o f antiferro- 
electric mixtures which could be applicable in displays [16,22,23], (2) 
the vitrified chiral tilted smectic phases may potentially be used as op­
tical filters, similarly as it had been presented for chiral nematics [24] 
and (3 ) the compounds which form the glass during cooling and exhibit 
cold crystallization after reheating are considered suitable for the pur­
pose o f energy storage [2 5 ].

2. Materials and methods

The investigated mX1X26 compounds, the synthesis and purity 
analysis o f which is described in Refs. [16,17], are:

• (S)-4'-(1-methylheptyloxycarbonyl) biphenyl-4-yl 4-[5-(2,2,3,3,4,4, 
4-heptafluorobutoxy) pentyl-1-oxy]-2-fluorobenzoate (5HF6),

• (S)-4'-(1-methylheptyloxycarbonyl) biphenyl-4-yl 4-[5-(2,2,3,3,4, 
4,4-heptafluorobutoxy) pentyl-1-oxy]-2,3-difluorobenzoate (5FF6),

• (S)-4'-(1-methylheptyloxycarbonyl) biphenyl-4-yl 4-[6-(2,2,3,3,4,4, 
4-heptafluorobutoxy) hexyl-1-oxy]-2-fluorobenzoate (6HF6),

• (S)-4'-(1-methylheptyloxycarbonyl) biphenyl-4-yl 4-[6-(2,2,3,3,4,4, 
4-heptafluorobutoxy) hexyl-1-oxy]-2,3-difluorobenzoate (6FF6).

IR spectra were collected in the 400-4000 cm~1 range with the 
resolution o f  1 cm~1 (32 scans for each spectrum) using the Fourier­
transform IR spectroscopy method (FT-IR) for the mX1X26/KBr tablets

on heating and subsequent cooling with Bruker VERTEX 70v vacuum 
spectrometer with Advanced Research System DE-202A cryostat and 
ARS-2HW water-cooled helium compressor.

Density functional theory (DFT) simulations o f  IR spectra were car­
ried out with Gaussian09 [26] for isolated mX1X26 molecules in two 
conformations differing in the position o f the fluorine atom(s) with 
respect to the C- O group between the benzene ring and biphenyl; the 
two geometries have either the syn or anti conformations, wherein the F 
atom(s) and C- O group are either on the same side (syn) or on the 
opposite sides (anti) o f the benzene ring (Fig. 2). The calculations were 
performed using the BLYP exchange-correlation functional [27,28] with 
the third-generation Grimme’s set o f  semi-empirical dispersion correc­
tions with the Becke-Johnson damping, D3 [29,30]. Two basis sets were 
examined: def2SVP and def2TZVP [3 1 ]. Identification o f intra­
molecular vibrations was performed in Avogadro [32 ], while visuali­
zations were done in Vesta [3 3 ].

3. Results and discussion

3.1. Bands assignment

A  comparison between the experimental and calculated IR spectra 
for the mHF6 and mFF6 (m =  5, 6) compounds is shown in Fig. 3, 
wherein the experimental data is recorded in the crystal phase at room 
temperature and the calculated data is extracted from the DFT +  D3/ 
BLYP-def2SVP and DFT +  D3/BLYP-def2TZVP molecular models. The

o f  a phase are denoted by a bullet ‘ • and dash ‘ —’ , respectively.

System Ref. Cr SmCA* SmC* SmC«* SmA* Iso

5HF6 [16,18] • 301 • 368.7 • — 370.2 • 371.7 •

6HF6 [16,18] • 315 • 347 • — 376.9 • 377.6 •
5FF6 [16,19] • 327 • 380.3 • 380.7 • 381.5 • 382.3 •
6FF6 [16] • 336 • 358 • — 383.7 • 386.0 •



Fig . 3. Experimental IR  spectra fo r four m X 1X26 compounds (m  =  5, 6 ; X 1 =  H, F; X 2 =  F ) co llected  in  the crystal phase at room  temperature, com pared w ith  the IR 

spectra calculated w ith  DFT +  D3/BLYP-def2SVP and DFT +  D3/BLYP-def2TZVP fo r tw o  conformations ( anti and syn, see Fig. 2).

F ig . 4. FT-IR spectra o f  5HF6 collected  on heating (a ) and subsequent coolin g (b ) in the temperature range 200-395 K.

tem p era tu re  d ep en d en c e  o f  th e  e x p e r im e n ta l IR  sp ectra  fo r  5 H F 6  (o n  

h ea tin g  a n d  c o o l in g ) is p resen ted  in  F ig . 4 , w h i le  c o rre sp o n d in g  resu lts 

fo r  o th e r  co m p o u n d s  a re  sh ow n  in  th e  S u p p lem en ta ry  M a te r ia ls (S M ) in  

F igu res  S1-S3. A  m e tic u lo u s  ana lys is  o f  th e  co m p u te d  da ta , as p resen ted  

in  T a b le  2 a n d  F ig . 5 fo r  5H F 6 , a n d  T a b le s  S1-S3 and  F igu res  S4-S6 fo r  

th e  re m a in in g  ex a m in e d  com p ou n d s , sh ow s th a t b o th  o f  th e  a p p lie d  

basis sets p r o v id e  v e r y  s im ila r  ch a ra c te r iza tion s  o f  th e  a b so rp t io n  bands, 

and  th a t th e  b a n d  ass ignm en ts  d o  n o t  d i f fe r  s ig n ific a n t ly  a m o n g  th e  fo u r

co n s id e re d  m X 1X 26  com p ou n d s . A l l  th e  ca lcu la ted  w a ven u m b ers  and  

in te n s it ies  o f  IR  a b so rp t io n  ban ds a re  a tta ch ed  as su p p le m en ta ry .tx t 

f i le s .

T h e  b an ds in  th e  5 0 0 -1 0 0 0  c m ~ 1 re g io n  can  b e  a ss ign ed  to  th e  in ­

p la n e  (ß ) an d  o u t-o f-p la n e  ( y )  d e fo rm a tio n s  o f  th e  a ro m a tic  rin gs . T h e  

v ib ra tio n s  in v o lv in g  a tom s fr o m  th e  m o le c u le s ’ te rm in a l ch a ins a re  

C— C, C— O  a n d  C-F s tre tc h in g  (v ) ,  C— C— O , C— O — C, C— C— C, and  CF2 

sc is so r in g  ( 8 ) ,  C H 2 a n d  CF2 w a g g in g  (ro), a n d  C H 2 ro c k in g  (p ). T h e



T a b le  2

Band assignments o f  the FT-IR spectrum fo r the 5HF6 compound in a crystal phase at 290 K, based on DFT +  D3/BLYP-def2SVP and DFT +  D3/BLYP-def2TZVP 

calculations perform ed fo r the isolated 5HF6 m olecu le in its anti and syn conformations (denoted w ith  superscripts a and s, respectively). The experim ental and 

calculated wavenum bers are g iven  in cm - 1  The symbols used are: ß — in-plane deform ation  o f  the phenyl ring (Ph ), y — out-of-plane deform ation  o f  Ph, v — stretching, 

5 — scissoring, p — rocking, t  — tw isting, ro — w agging. The letters (a )- ( j )  denote the particular fragments o f  the m olecu le as shown in Fig. 1 . Compare w ith  Fig. 3 . See SM 

fo r the corresponding data fo r the rem aining compounds.

Experiment

497

al BLYP-def2SVP 

Calculated

496.3a, 492.8 s

Assignment

5CCC(j), 5CCC(c)s

BLYP-def2TZVP

Calculated

494.3a, 496.1 s

Assignment

5CCC(j), 5CCC(c)
536 537.9a ßasymPh(d) 529.3a, 530.5 s 5CF2(a), 5COC(b,c), ßasymPh(d)

541.3a, 541.0 s 5CF2(a), 5COC(b,c), ßasymPh(d)a 539.0a ßasymPh(d)
550 554.8a, 552.3 s yPh(f)Ph(g) 544.6a, 544.7 s yPh(f)Ph(g)
567 574.7 s ßasymPh(d) 570.9 s ßasymPh(d)
578 588.8a ßasymPh(d), ßasymPh(f) 586.1a ßasymPh(d)
618 610.6a, 609.0 s ßasymPh(d), ßasymPh(f)Ph(g) 609.5a, 606.7 s ßasymPh(d), ßasymPh(f)Ph(g)
663 652.1a, 654.9 s ßasymPh(d), anti-phase ßasymPh(f)Ph(g) 649.5a, 653.0 s ßasymPh(d), anti-phase ßasymPh(f)Ph(g)
683
700

662.8a, 664.7 s yPh(d) 668.6a, 668.5 s yPh(d)

717 693.3a, 693.2 s yPh(f)Ph(g) 693.8a, 693.8 s yPh(f)Ph(g)
735 711.4a, 711.3 s roCF2(a), 5CCO(a,b) 698.8a, 698.8 s roCF2(a), 5CCO(a,b)
758 735.4a yPh(d), pCH2(c ) 736.2a yPh(d), pCH2(c )
772 776.2a, 776.1 s roCF2(a), vCC(a), 5CCO(a,b) 758.9a, 758.8 s roCF2(a), vCC(a), 5CCO(a,b)
790 799.9 s yPh(f)Ph(g), vsymCOC(e,f) 785.1 s yPh(f)Ph(g), vsymCOC(e,f)
816 832.4 s yPh(d), pCH2(c ) 820.2 s yPh(d), pCH2(c )
831 841.8a, 841.5 s yPh(f)Ph(g), pC*HCH3(i), pCH2(j) 833.0a, 833.2 s yPh(f)Ph(g), pC*HCH3(i), pCH2(j)
855 845.9 s yPh(f)Ph(g) 837.2a yPh(d)
871 849.9a yPh(d), pCH2(c ) 841.2a, 838.6 s yPh(f)Ph(g)
910 889.5a, 889.4 s roCF2(a), vsymCCO(a,b), roCH2(b) 865.4a, 865.5 s roCF2(a), vsymCCO(a,b), roCH2(b)
959 955.9 s ßasymPh(d), vsymCOC(c,d), vCC(c) 942.3 s ßasymPh(d), vsymCOC(c,d), vCC(c), vsymCO

(e)
vsymCOC(b,c), vCC(c), ßasymPh(d)989 991.6a, 991.6 s in-phase ßasymPh(f)Ph(g), vsymCOC(b,c), vCC(c), ßasymPh(d) 968.2a, 969.8 s

1006 1000.5 s 
1003.2 s

anti-phase ßasymPh(f)Ph(g)
tCH2(J)

983.9 s ßasymPh(d), roCH2(c), vCO(c), vCO(e)

1006.4a, 
1004.7 s

roCH2(c), ßasymPh(d)a 991.8a, 990.9 s ßasymPh(d), roCH2(c), vCO(c), vCO(e)

1014 1014.4a, 
10 10 .2  s

vCC(c), ßasymPh(d) in-phase ßasymPh(f)Ph(g), vsymCOC(b,c)a, vCO(e)s 10 0 1.6 a vCC(c), ßasymPh(d) in-phase ßasymPh(f)Ph 
(g )

1054 1025.9 s vCC(c), vCO(e), in-phase ßasymPh(f)Ph(g) 1019.6 s in-phase ßasymPh(f)Ph(g), vCC(j)
1032.9a vCC(j) 1036.7a

1039.4a
vCC(c), vCO(e) 
vCC(c), vCO(e)

1062 1047.0a, 
1047.0 s

roC*HCH3(i), roCH2(j) 1043.3a, 
1043.3 s

roC*HCH3(i), roCH2(j)

1105 1087.8a, 
1087.6 s

ßasymPh(g), vaSy„COC*(h,i) 1072.4a, 
1072.3 s

ßasymPh(g), vaSy„COC*(h,ì)

1117

1138

1114.5a, 
1106.2 s 
1119.5a, 
1119.4 s

ßasymPh(d), vasymCCO(d,e)a 

vasymCF2(a), TCH2(b,c)

1 1 1 0 .0 a, 

1107.9 s
ßasymPh(d), vasymCCO(d,e)

1168 1140.4a, 
1140.4 s

vsymCF2(a), vasymCOC(b,c), pCH2(c), ßsymPh(f)a 1136.6a, 
1136.6 s

vasymCF2, xCH2(b,c), pCH2(c)

1141.6a, 
1150.1 s

ßsymPh(f) 1144.6a ßasymPh(d), vasymCCO(d,e), ßasymPh(f)

1184 1157.2a, 
1157.1 s

pC*HCH3(i), pCH2(j), ßSy„Ph(g), ßasy„Ph(d)a 1154.1a, 
1150.7 s 
1152.5a

ßasymPh(f), ßasymPh(d)

vsymCF2(a), vCC(a)
1 2 1 1 1200.5a, 

1197.4 s
ßasymPh(d), ßasymPh(f), vasymCCO(d,e)s 1185.6a,

1184.1a
in-phase ßsymPh(f)Ph(g), vasymCOC(e,f), 
ßasymPh(d)

1244 1222.5a, 
1236.9 s

ßasymPh(d), vasymCCO(d,e), ßasymPh(f) 1217.7a, 
1218.4 s

ßsymPh(d), vasymCCO(d,e), ßasymPh(f)s

1265 1247.7a ßasymPh(d), vasymCCO(d,e), in-phase ßasymPh(f)Ph(g), vasymCCO(g,h),
tC*HCH3( ì ), TCH2(j)

1228.9a ßasymPh(g), vaSy„CCO(g,i), tC*HCH3( ì ),
roCH2(j)

1274 1250.0 s ßasymPh(g), vaSy„CCO(g,h), tC*HCH3(ì), TCH2(j) 1229.7 s ßasymPh(g), vaSy„CCO(g,h), tC*HCH3( ì), 
roCH2(j)

1281 1253.2a, 
1253.1 s

TCH2(b) 1235.6 s ßasymPh(d), roCH2(c)

1293 1253.5a ßasymPh(d), vasymCCO(d,e), anti-phase ßasymPh(f)Ph(g), vasymCCO(g,h),
tC*HCH3( ì), TCH2(j)

1239.0a ßasymPh(d), vaSy„CCO(d,e), roCH2(c )

1325 1262.2a, 
1262.4 s

roC*HCH3(i), roCH2(j) 1251.9a, 
1251.9 s

TCH2(b)

1344 1280.0a, 
1280.8 s

in-phase ßasymPh(f)Ph(g), roCH2(c )s, ßasymPh(d)s 1256.3a, 
1256.3 s

vSymCF2(a), vCC(a), roCH2(c)

1358 1293.8a,
1291.9 s 
1299.1a,
1298.9 s

roCH2(c), ßaSy„Ph(d)a, TCH2( j )s

vSymCF2(a), vCC(a), roCH2(b)

1276.7a, 
1270.9 s

ßasymPh(d), roCH2(c), anti-phase ßaSy„Ph(f) 
Ph(g)a

1393 1365.3 s ßasymPh(d) 1332.9 s ßasymPh(d)

(continued on next page)
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T a b le  2 (continued )

Experimental BLYP-def2SVP BLYP-def2TZVP

Calculated Assignment Calculated Assignment

1438 1437.8a, ßasymPh(d), 5CH2(c), roCH2(c )s 1424.0a, ßasymPh(d), roCH2(c)
1428.2 s 1413.1 s

1471 1457.0a, 5CH2(b,c) 1458.4a, 5CH2(b,c)
1456.0 s 1458.5 s

1495 1475.7a, in-phase ßasymPh(f)Ph(g) 1470.1a, 5CH2(b,c), ßasymPh(d)
1478.9 s 1470.2 s

1507 1487.7a, ßasymPh(d), 5CH2(c) 1484.5a, in-phase ßasymPh(f)Ph(g), 5CH2(b,c)
1491.0 s 1484.8 s

1524 1502.6a, anti-phase ßasymPh(f)Ph(g) 1503.5a, anti-phase ßasymPh(f)Ph(g)
1504.5 s 1503.6 s

1577 1547.4a, anti-phase ßasymPh(f)Ph(g) 1535.9a, anti-phase ßasymPh(f)Ph(g)
1548.9 s 1535.8 s

1586 1552.9a, ßasymPh(d) 1537.4a, ßasymPh(d)
1559.4 s 1540.3 s

1611 1596.5a, in-phase ßsymPh(f)Ph(g) 1579.5a, in-phase ßsymPh(f)Ph(g)
1596.3 s 1579.6 s

1622 1615.7a, ßsymPh(d) 1594.0a, ßsymPh(d)
1614.2 s 1594.4 s

1706 1718.0a, anti-phase vC =  O (e) and vC =  O(h)a, vC =  O (h)s 1669.7a, vC =  O(h)
1718.9 s 1669.9 s

1727 1719.3a in-phase vC =  O(e) and vC =  O(h)a 1684.9a vC =  O(e)
1746 1755.8 s vC =  O (e)s 1713.4 s vC =  O(e)
2862 2938.1a, vsymCH(j) 2954.3a, vsymCH(j)

2938.0 s 2954.3 s
2945.9a, vsymCH(j)
2945.9 s
2948.2a, vsymCH(j), vasymCH(j)
2948.1 s

2938 3001.9a, vasymCH(j) 3001.4a, vCH(i), vasymCH(j)
3001.8 s 3001.5 s
3013.2a, vasymCH(c) 3008.3a, vasymCH(j)
3013.2 s 3008.4 s
3016.7a, vasymCH(j) 3009.2a, vasymCH(c)
3016.8 s 3009.1 s

F ig . 5. Band assignments and the experim ental vs. calculated wavenum bers obtained using DFT +  D3 calculations w ith  BLYP-def2SVP and BLYP-def2TZVP fo r 5HF6 

in both anti and syn conform ation. See Table 2 fo r the numerical data and SM fo r the corresponding data fo r the rem aining compounds.

100 0—1 5 5 0  c m - 1 ra n ge  con ta in s  b an ds re la te d  to  th e  ß d e fo rm a tio n s  o f  T h e  b an ds in  th e  1 5 5 0 —1 6 5 0  c m - 1 r e g io n  a re  re la te d  to  th e  in -p la n e

b e n ze n e  rin gs  as w e l l  as th e  s tre tc h in g  o f  C— C, C— O  an d  C— F b o n d s  a n d  s y m m e tr ic  d e fo rm a tio n s  (ß s y m )  o f  th e  C— C b on d s  in  th e  a ro m a tic

va r io u s  v ib ra tio n s  (5 , ro, p, and  t  — tw is t in g ) in v o lv in g  th e  C H 2  grou ps . rin gs . T h e  ßs y m  v ib ra tio n s  o f  th e  flu o r in a te d  b e n ze n e  r in g  (P h (d ) )



T a b le  3

Scaling coeffic ien t a betw een  experim ental vexp and calculated vcaic w ave ­

numbers, determ ined from  the linear fit  vexp =  avcac  (Fig. 4 and Figures S5-S7 in 

SM).

compound BLYP-def2SVP BLYP-def2TZVP

5HF6 0.996(3) 1.006(3)
6HF6 0.994(3) 1.003(3)
5FF6 0.996(3) 1.013(3)
6FF6 0.994(3) 1.011(4)

contribute mostly to the bands at higher wavenumbers o f this range, 
while the ßs y m  vibrations o f the biphenyl (Ph (f)Ph (g )) contribute rather 
to the bands at lower wavenumbers. The ßs y m Ph(d) vibrations are 
coupled with the weak roCH2 (c ) and vC— O (e) vibrations. The contri­
bution o f the vC— O(h) vibration, coupled w ith ßs y m Ph(g), is negligible. 
The bands located in the 1650—1800 cm- 1 range are related to the vC— O 
vibrations (see Section 3.2). Finally, the 2800—3000 cm- 1 region con­
tains bands related to the vCH vibrations in the chiral chain. The bands 
arising from asymmetric C— H stretching are observed at higher wave- 
numbers than these related to symmetric C— H stretching.

The values o f a scaling coefficient a between the experimental vexp 
and calculated vcalc wavenumbers [34] for both applied basis sets are 
presented in Table 3. For the def2SVP basis set, a =  0.994—0.996 with an 
uncertainty equal to 0.003 for all compounds, therefore the vcalc values 
are in general slightly overestimated compared to vexp. The visible 

exception are the vcalc wavenumbers related to the vCH vibrations, 
which are underestimated. For the def2TZVP basis set, the scaling co­
efficient exceeds 1 and equals 1.003—1.006 for mHF6 and 1.011—1.013 
for mFF6, with an uncertainty o f 0.003—0.004. It means that the vcalc

Fig . 6. FT-IR spectra in the wavenum ber region  o f  the C— O stretching bands < 

isotropic liquid (bo ttom ) fo r 5HF6 (a ), 6HF6 (b ), 5FF6 (c ) and 6FF6 (d ). The fitt 

notation I, II, III o r the bands is presented (the fourth, w id e  peak is treated as

values are underestimated compared to vexp, especially for mFF6 com­

pounds. However, in both cases the scaling coefficient is close to 1, 
which indicates a good agreement o f  the vexp and vcalc wavenumbers.

3.2. Stretching o f  the C— O bonds vs. Temperature

The bands in the 1650—1800 cm- 1 region, which originate from the 
vC— O stretching, show a visible dependence o f their wavenumbers on 
temperature (Fig. 6), therefore they have been selected for detailed 
analysis. The fitting with several Gaussian or pseudo-Voigt peak func­
tions reveals four components in this spectral region for the samples in 
the isotropic liquid or smectic phases, however, the w ide maximum on 
the high-wavenumber side is treated as a background contribution. The 
three main components are denoted as I, II, III in the order o f the 
increasing wavenumber. The DFT +  D3 calculations at the BLYP- 
def2SVP and BLYP-def2TZVP levels o f theory give slightly different in­
terpretations o f these bands, although they both indicate a significant 
impact o f the position o f the F atom(s) substituted to the benzene ring on 
the vC— O vibration in the COO group within the molecular core. To 
recall, the theoretical spectra were simulated for two conformations o f 
each mX1X26 molecule: the anti conformation, in which the F atom(s) 
and the neighboring C— O group are on the opposite sides o f the benzene 
ring, and the syn conformation, in which the F atom(s) and the afore­
mentioned C— O group are adjacent to each other (Fig. 2).

The BLYP-def2SVP results for the anti conformation give in this 
spectral region two bands centered at almost the same wavenumber, 
which, when visualized, appear as anti-phase vC— O (lower wave- 
number) and in-phase vC— O (higher wavenumber) modes o f the two 
C— O groups, i.e. the two vC— O vibrations have similar frequencies and 
appear coupled. For the syn conformation, on the other hand, these

llected in room  temperature before the first m elting (top ) and on cooling from  the 

ig results are presented fo r the top and bottom  spectra in each panel. For 5HF6, the 

background).



T a b le  4

Energy d ifference [kJ/m ol] betw een  the syn and anti conformations o f  the 

m X1X26 molecules.

compound BLYP-def2SVP BLYP-def2TZVP

5HF6 2.1 1.4
6HF6 2.2 1.6
5FF6 6.1 9.3
6FF6 6.6 10.0

bands become ‘decoupled’ when visualized, with the lower- 
wavenumber band and the higher-wavenumber band corresponding to 
vC— O in the COO group close to the chiral center and close to the 
fluorinated benzene ring, respectively.

In the spectra calculated with BLYP-def2TZVP, the vC— O vibrations 
are decoupled for both anti and syn conformations, with the same origin 
o f the bands as described above, i.e. the band related to vC— O in the 
COO group close to the chiral center is characterized by a lower wave- 
number than the band stemming from vC— O in the COO group close to 
the fluorinated benzene ring. While the former band, as expected, seems 
not to be affected by the relative position o f the F atom(s) and the COO 
group attached to the same benzene ring, and it is observed at the same 
wavenumber for both syn and anti conformations, the latter band is 
shifted to the higher wavenumbers for the syn conformation as 
compared to anti. Qualitatively the same results to the one presented 
here for the DFT +  D3/BLYP-def2TZVP method were previously ob­
tained with DFT/BLYP-DGauss [6 ], although the latter approach ap­
pears to overestimate the calculated wavenumbers with respect to the 
experimental wavenumbers.

Comparing the experimental and calculated IR spectra in the 
1650-1800 cm~1 range, it can be thus assumed that the experimental 
band I is related to vC— O in the COO group close to the chiral center, 
while bands II and III correspond to vC— O in the COO group located in 
the molecular core associated with the molecules in anti and syn con­
formations, respectively. For all four considered compounds in the 
isotropic liquid and smectic phases, one can always observe the afore­
mentioned I, II, III vC— O band components, which can be interpreted as 
a co-existence o f both syn and anti molecular conformations. According 
to DFT results, the anti conformation is more energetically favorable, but 
the conformational energy o f the syn conformation is not significantly 
higher; the difference is 1.4—10.0 kJ/mol, larger for mFF6 than for 
mHF6 (see Table 4). On the other hand, calculations for dimer and 
trimer models performed previously for the 7FF6 compound [15] show 
that splitting o f the vC— O bands can be caused not only by intra­
molecular interactions, but also by interactions o f the C— O group 
from one molecule with the F atom(s) from a neighboring molecule. 
Nevertheless, the dielectric spectroscopy results for the mX1X26 com­
pounds imply that rotations within the molecular core may occur in the 
vitrified SmCA* phase or even in the crystal phase [10,21,35], therefore 
it is even more probable that conversions between the syn and anti 
conformations occur also above the melting temperature.

The wavenumbers o f the vC— O bands identified in the 1650—1800 
cm~1 region are presented in Fig. 7 as a function o f temperature. The as- 
synthesized 5HF6 and 6HF6 samples (i.e. not melted after synthesis) 
cooled down to 200 K and 210 K, respectively, are in the crystal phase. In 
such a phase, for both homologues, three vC— O bands are observed, 
although for 5HF6 the bands are all narrow and o f similar area, so they

Fig . 7. Tem perature dependence o f  the experim ental wavenum bers o f  three absorption bands related to  the C— O stretching in the mHF6 and mFF6 (m  =  5, 6) 

molecules. The results from  heating and coolin g are presented by solid and open  symbols, respectively.



can  b e  e a s ily  d e c o n v o lv e d , w h i le  fo r  6 H F 6  o n ly  th e  s tron ges t vC— O  

b a n d  I I  c o u ld  b e  a n a ly ze d  in  d e ta il, as th e  p a ra m ete rs  fo r  th e  w e a k e r  

ban ds I a n d  I I I  w e r e  d e te rm in e d  w ith  s ig n ific a n t u n c erta in ties  and  

a c c o rd in g ly  th e y  a re  n o t  p resen ted . In  th e  crys ta l phases o f  5FF6  and  

6 FF 6 , on  th e  o th e r  hand , th e re  a re  o n ly  tw o  m a in  a b so rp t io n  ban ds in  

th e  co n s id e re d  ra n ge , w h ic h  in d ica tes  th a t ro ta tio n s  o f  th e  b e n ze n e  rin gs  

a re  h in d e red . T h e  th ird , w e a k  b a n d  is cau sed  ra th er  b y  in te r -m o le cu la r  

in te ra c tion s  than  b y  th e  c o n fo rm a t io n a l d iso rd er. B oth  5FF6 a n d  6 FF 6  

u n d erg o  th e  c r y s ta ll iz a t io n  on  c o o lin g . T h e  sp ectra  o b s e r v e d  fo r  the 

fr e s h ly  c ry s ta ll iz e d  sam p les  in  th e  165 0—1 8 0 0  c m ~ 1 r e g io n  a re  s im ila r  to  

th e  on es  re g is te re d  fo r  th e  a s -syn th es ized  sam p les  b e fo r e  th e  firs t  

m e ltin g . T h e  sm a ll d iffe re n c e s  m a y  a rise  fr o m  d if fe r e n t  c rys ta l m o r ­

p h o lo g ie s  o r  n u m b er o f  d e fec ts , as th e  5FF6  a n d  6 FF 6  c rysta ls  u p on  the 

sam p les  syn th eses w e r e  fo rm e d  v ia  g r o w th  fr o m  so lu tio n  [1 7 ] , w h ile  

d u rin g  th e  F T -IR  m easu rem en ts  th e  crys ta ls  w e r e  fo rm e d  v ia  g r o w th  

fr o m  th e  m e lt.

T h e  m e lt in g  o f  a ll  in v e s t ig a te d  co m p o u n d s  o n  h e a tin g  a n d  c rys ta l­

liz a t io n  o f  5F F6  a n d  6 FF 6  on  c o o lin g  a re  w e l l  v is ib le  in  th e  IR  sp ectra  as 

th e  d iscon tin u ou s  ch an ges  in  th e  w a v e n u m b e r  o f  a t lea s t o n e  vC— O  

ban d . In  th e  sm ec tic  phases a n d  is o tro p ic  l iq u id  phase, th ree  vC— O  

ban ds a re  o b s e r v e d  fo r  a ll  in v e s t ig a te d  com p ou n d s . T h e  w a v e n u m b e r  o f  

th e  b a n d  I I I  is n o t a ffe c te d  b y  th e  flu o ro su b s titu tio n  at th e  X 1  p o s it ion  

w ith in  th e  e x p e r im e n ta l u n certa in ties , w h i le  th e  ban ds I an d  I I  are 

b lu e s h ifte d  (s h ifte d  tow a rd s  h ig h e r  w a v e n u m b e rs ) fo r  th e  m F F 6  c o m ­

p ou nds co m p a re d  to  m H F 6  (T a b le  5 ),  as it  w a s  o b s e r v e d  a lso  fo r  7 H F 6  

and  7FF6  [1 4 ] . T h is  e f fe c t  is  v e r y  w e a k  (n o  la rg e r  than  a f e w  c m ~ 1 )  and  

arises l ik e ly  fr o m  in te r -m o le c u la r  in te ra c tion s , as th e  D FT  ca lcu la tion s  in  

m os t o f  cases p resu m e v e r y  c lo s e  w a v e n u m b e rs  o f  th e  vC — O  b an ds fo r  

th e  is o la te d  m H F 6  and  m F F 6  m o le cu le s  in  th e  sam e c o n fo rm a t io n  (d i f ­

fe ren ces  sm a lle r  than  1.5 c m ~ 1 ). O n ly  th e  B L Y P -d e f2 T Z V P  resu lts fo r  the 

b a n d  I I  in d ica te  th e  b lu e s h ift  o f  2 .6  c m ~ 1 fo r  m F F 6  c o m p a re d  to  m H F 6 . 

In  th e  sm ec tic  phases, th e  vC— O  ban ds sh ift  to w a rd s  h ig h e r  w a v e -  

n um bers w ith  in c rea s in g  tem p era tu re , w ith  a d is c o n t in u ity  a t the 

c le a r in g  tem p era tu re  (tra n s it io n  to  th e  is o tro p ic  l iq u id ).  T h e  tran s ition s  

b e tw e e n  th e  sm ec tic  phases a re  n o t  v is ib le  in  th e  tem p era tu re  b e h a v io r  

o f  th e  vC— O  bands. O n  su bsequ en t c o o lin g , th e  vC— O  b an ds sh ift  b ack  

to w a rd s  lo w e r  w a ven u m b ers . O n e  can  see  th a t th e  p a ra m ete rs  o f  the 

vC— O  b an ds in  th e  sm ec tic  phases a re  n o t  id e n t ic a l on  h ea tin g  and  

c o o lin g . It  is a ttr ib u ted  to  th e  e f fe c t  o f  th e  a lig n m e n t  w ith in  th e  sam p les, 

w h ic h  can  b e  d if fe r e n t  a fte r  m e lt in g  o f  a  crys ta l an d  a fte r  c o o lin g  fr o m  

an  is o tro p ic  liq u id . T h e  c o rre sp o n d in g  areas a n d  h a lf-w id th s  o f  th e  ab ­

s o rp tio n  peaks, p resen ted  in  F igu res  S7 and  S8 , a re  less in fo rm a t iv e  

b ecau se  th e y  a re  m o re  s ig n ific a n t ly  a ffe c te d  b y  th e  ch a n g e  in  th e  sam ­

p le s ’ o r ien ta t io n , cau sed  b y  h ea tin g  to  is o tro p ic  l iq u id  a n d  su bsequ en t 

c o o lin g . T h is  is w h y  o n ly  w a v e n u m b e rs  a re  used  in  th e  ana lysis.

T h e  5 H F 6  a n d  6 H F 6  h o m o lo g u e s  s h o w  th e  g lass tra n s it ion  o f  the 

Sm C A *  ph ase on  c o o lin g  a t T g ^  2 3 0  K, w h ic h , as it  can  b e  seen  in  F ig . 7, 

is n o t ic e a b le  v e r y  su b tly  in  th e  tem p era tu re  b e h a v io r  o f  th e  b a n d  II I  w ith  

th e  h igh es t  w a v e n u m b e r  (C — O  stre tc h in g  in  th e  C O O  g ro u p  in  the 

m o le c u la r  c o re , syn  c o n fo rm a t io n ). N a m e ly , th is b a n d  sh ow s  th e  m ost

s ig n ific a n t re d sh ift  (s h ift  to w a rd s  lo w e r  w a v e n u m b e rs ) w ith  d ec rea s in g  

tem p era tu re ; i t  can  h o w e v e r  b e  n o te d  th a t b e lo w  Tg, its w a v e n u m b e r  

rem a in s  ra th er  constan t. C on stan t p o s it io n  o f  th e  b a n d  I I I  b e lo w  Tg w a s  

o b s e r v e d  a lso  fo r  th e  7 H F 6  h o m o lo g u e , w h i le  in  such a case, ban ds I and  

I I  w e r e  s h ow n  to  d em on s tra te  a re d s h ift  w ith  d ec rea s in g  tem p era tu re  

b o th  b e fo r e  a n d  a fte r  th e  g lass tra n s it ion , w ith o u t  a n y  a n o m a lie s  a t Tg 

[ 1 5 ] .

T h e  C— O  grou p s  can  b e  p o ss ib ly  in v o lv e d  in  th e  fo rm a t io n  o f  w e a k  

h y d ro g e n  b on d s  w ith  th e  h yd ro g en s  fro m  th e  a lip h a t ic  cha ins o r  b e n ­

z e n e  rings , as it  w a s  r e p o r te d  fo r  o th e r  m e so g en ic  co m p o u n d s  in  th e ir  

c rys ta l phases [3 6 —3 8 ] . T h e  re d sh ift  o f  th e  vC— O  bands can  b e  in te r ­

p r e te d  as fo rm a t io n  o f  n e w  h y d ro g e n  b on d s  w ith  d ec rea s in g  te m p e ra ­

tu re  [1 —3 ] . In te re s t in g ly , fo r  th e  7 H H 7  co m p ou n d , w ith o u t  

flu o ro su b s titu tio n  o f  th e  b e n ze n e  r in g  and  w ith  a lo n g e r  CrH 2r+ 1 cha in , 

th e  g lass  tra n s it ion  o f  th e  Sm CA*  phase lead s  to  m u ch  m o re  s ig n ific a n t 

ch an ges  in  th e  tw o  o b s e r v e d  vC— O  bands, w h ic h  s h o w  b e lo w  T g a  s tep ­

lik e  re d sh ift  o f  6  c m ~ 1 an d  14 c m ~ 1 fo r  th e  b a n d  a t lo w e r  and  h igh e r  

w a v e n u m b e r , r e s p e c t iv e ly  [ 9 ] . It  su ggests  th a t th e  g lass tra n s it ion  o f  

7 H H 7  is re la te d  to  th e  fo rm a t io n  o f  th e  co n s id e ra b le  a m o u n t o f  the  

h y d ro g e n  b on d s  in v o lv in g  b o th  C— O  grou ps . Such s itu a tion  is n o t  the 

case fo r  m H F 6  (m  =  5, 6 , 7 ),  b ecau se  n o  s tep -lik e  re d sh ift  is o b s e rv e d  at 

T g (th is  w o r k  a n d  [1 5 ] ). F o r th e  5 H H 7  co m p o u n d , w h ic h  is a h o m o lo g u e  

o f  7 H H 7  w ith  a sh or te r n on -ch ira l ch a in  a n d  w h ic h  sh ow s th e  v i t r i f i ­

c a t io n  o f  th e  m o re  o rd e re d , h exa t ic  Sm X A*  phase, th e re  is a lso  a step -lik e  

ch a n g e  o f  th e  w a ven u m b ers  o f  vC— O  b an ds a t Tg . H o w e v e r , o n ly  the 

h ig h e r-w a v e n u m b e r  vC— O  b a n d  sh ow s  a re d sh ift  o f  ca. 2 c m ~ 1, w h ile  

th e  lo w e r -w a v e n u m b e r  vC— O  ba n d  sh o w  a b lu e s h ift  o f  ca. 4 c m ~ 1 b e lo w  

T g [1 2 ] , th e re fo re  th e  in te rp re ta t io n  is n o t  as s tra ig h t fo rw a rd  as fo r  

7 H H 7 . T h ese  resu lts su gges t th a t th e  v it r i f ic a t io n  o f  th e  Sm CA*  (o r  

Sm X A* )  ph ase m a y  in v o lv e  d if fe re n t  in te r -m o le c u la r  in te ra c tion s  

d e p e n d in g  on  th e  m o le c u la r  s tructu re . I t  sh ow s th e  n ecess ity  o f  fu rth er 

s y s tem a tic  stu d ies  o f  th e  v ib r a t io n a l sp ectra  fo r  th e  m X 1 X 2r 

g la ss fo rm ers .

4. Conclusions

T h e  F T -IR  s p e c tro sco p y  w a s  a p p lie d  to  in v e s t ig a te  th e  in tra ­

m o le c u la r  v ib ra tio n s  fo r  fo u r  l iq u id  c ry s ta llin e  co m p o u n d s  e x h ib it in g  

th e  ch ira l sm ec tic  phases. It  is s h ow n  th a t th e  le n g th  o f  th e  CmH 2m n on ­

c h ira l ch a in  (m  =  5, 6 )  d o es  n o t  h a v e  a s ig n ific a n t in flu en c e  on  the 

o b s e r v e d  IR  spectra , w h ic h  is c o n f irm e d  b y  th e  D FT  ca lcu la tion s , 

in c o rp o ra t in g  th e  B L Y P  fu n c t io n a l a n d  tw o  basis sets, d e f2 S V P  o r 

d e f2 T Z V P . T h e  m o re  im p o r ta n t fa c to r  is th e  flu o ro su b s titu tio n  o f  the  

b e n ze n e  r in g , w h ic h , fo r  th e  in v e s t ig a te d  com p ou n d s , is a t 2 -p o s it ion  

(m H F 6  h o m o lo g u e s ) o r  a t th e  2 ,3 -p os ition s  (m F F 6  h o m o lo g u e s ). B oth  

th e  B L Y P -d e f2 S V P  a n d  B L Y P -d e f2 T Z V P  ca lcu la tion s  c o n firm  th a t the 

p r o x im ity  o f  th e  F a to m (s ) fr o m  th e  b e n ze n e  r in g  b lu esh ifts  o n e  o f  the  

C— O  stre tc h in g  bands. E m p lo y m en t o f  th e  d e f2 S V P  basis set app ea rs  to  

b e t te r  re p ro d u ce  th e  e x p e r im e n ta l w a v e n u m b e rs  in  an  o v e ra l l  sense,

T a b le  5

Experimental (at temperature T  ~  340 K — SmCA* phase) and calculated wavenumbers, g iven  in cm ~1, o f  the vC =  O bands fo r the mHF6 and mFF6 compounds. The 

superscripts a and s denote the anti and syn conformations, respectively.

compound T  [K] experimental BLYP-def2SVP BLYP-def2TZVP

5HF6 340 1706.5(8) 1718.0a, 1718.9 s 1669.7a, 1669.9 s
1719.6(1.0) 1719.3a 1684.9a
1740.9(5) 1755.8 s 1713.4 s

6HF6 340 1708.1(7) 1718.1a, 1718.9 s 1669.7a, 1669.9 s
1721.1(8) 1719.3a 1685.0a
1741.2(4) 1755.9 s 1713.5 s

5FF6 343 1711.1(1) 1718.7a, 1719.1 s 1670.0a, 1670.1 s
1726.9(2) 1720.7a 1687.5a
1742.0(2) 1755.0 s 1712.6 s

6FF6 343 1709.7(5) 1718.7a, 1719.1 s 1669.9a, 1670.1 s
1723.6(9) 1720.8a 1687.5a
1740.3(6) 1755.4 s 1712.9 s



h o w e v e r , it  a lso  resu lts in  less b lu e s h ift  o f  th e  a ffe c te d  C— O  stre tch in g  

m o d e  (w h ic h , in  th e  case o f  th e  a n ti c o n fo rm a tio n , resu lts in  the 

a p p ea ran ce  o f  c o u p lin g  b e tw e e n  th e  vC— O  v ib ra tio n s ). M e a n w h ile ,  the 

d e f2 T Z V P  basis set y ie ld s  w a ven u m b ers  th a t a re  g e n e ra l ly  lo w e r  than  

th e  e x p e r im e n ta l w a ven u m b ers , b u t th e  d iffe re n c e s  in  th e  tw o  C— O  

s tre tch in g  m o d es  is m o re  p ron ou n ced , and  th is  is q u a lita t iv e ly  c lo s e r  to  

th e  e x p e r im e n ta l resu lts. T h e  d e ta ile d  in v e s t ig a t io n  o f  th e  vC— O  bands 

vs. tem p era tu re  sh ow s th a t th e  m o s t s ig n ific a n t ch an ges  o ccu r d u rin g  

th e  m e lt in g  a n d  c r y s ta ll iz a t io n  processes. T h e  sm ec tic/ iso tro p ic  liq u id  

tra n s it ion  leads  to  m u ch  sm a lle r  ch an ges  in  th e  vC =  O  b an ds than  the 

crys ta l/ sm ec tic  tran s ition , and  tran s ition s  b e tw e e n  th e  sm ec tic  phases 

d o  n o t  v is ib ly  a ffe c t  th e  IR  spectra . T h e  re d sh ift  o f  th e  vC— O  ban ds w ith  

d ec rea s in g  tem p era tu re  im p lie s  th e  in crea se d  r o le  o f  h y d ro g e n  b o n d in g  

b e tw e e n  m o lecu les . T h e  c it e d  resu lts fo r  th e  7 H H 7  a n d  5 H H 7  c o m ­

p ou nds [9 ,1 2 ] , w h e re  s tep -lik e  ch an ges  in  th e  p o s it ion s  o f  th e  vC— O  

ban ds a re  o b s e r v e d  a t th e  g lass tra n s it ion  tem p era tu re  o f  th e  Sm CA* o r 

h exa tic  S m X A * phases, su gges t th a t fo rm a t io n  o f  th e  h y d ro g e n  bon d s  

m a y  p la y  so m e  ro le  in  th e  g lass  tran s ition . H o w e v e r , fo r  tw o  glass- 

fo rm in g  m H F 6  co m p o u n d s  in v e s t ig a te d  in  th is  p ap er , th e  v it r i f ic a t io n  o f  

th e  Sm CA* ph ase is v e r y  w e a k ly  v is ib le  in  th e  IR  spectra , w h ic h  sh ow s 

th a t e v e n  fo r  th e  co m p ou n d s  w ith  v e r y  s im ila r  m o le c u la r  structu res, the 

glass tra n s it ion  m a y  o ccu r d iffe re n t ly .
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