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ON THE L I Q U I D  CRYSTALLINE BEHAVIOUR OF BIS(n-PENTA- 
DE CYLAMMON I UM) TET RAB ROMOZ I N  CATE 

- 

M. VACATELLO and V. BUSICO 
I s t i t u t o  Chimico d e l l  ' Univers i ta  
Via Mezzocannone, 4-80134 Naples, I t a l y  

(Submitted f o r  pub l i ca t ion  August 18, 1980) 

Apart from t h e  l i q u i d  c r y s t a l l i n e  phases of a number 

of  d e r i v a t i v e s  o f  long  cha in  mono- and d icarboxyl ic  a c i d s ,  

few evidences have been r epor t ed  so f a r  on t h e  ex i s t ence  of 

(non l y o t r o p i c )  mesophases of a l i p h a t i c  compounds. 
1 

I n  a r ecen t  paper2 w e  have descr ibed  t h e  l i q u i d  

c r y s t a l l i n e  behaviour of an a l i p h a t i c  compound having a 

simple chemical c o n s t i t u t i o n ,  n-pentadecylammonium ch lo r ide ,  

which shows two mesophases t h e  f i r s t  of which i s  smectic and 

s t a b l e  over  a temperature  range of more than 35°K. 

On t h e  o t h e r  hand, more complex systems of t h e  k ind  

(FWH312MX4,  ob ta ined  through t h e  r e a c t i o n  of a long chain 

- n-alkylammonium h a l i d e  with t h e  h a l i d e  of  a d i v a l e n t  metal ,  

have been ex tens ive ly  s t u d i e d  i n  r ecen t  yea r s  f o r  t h e i r  

i n t e r e s t i n g  polymorphism., 3 r 4  s i n c e  they  g ive  r ise,  between 

270" and 370°K, t o  d isordered  layered  s o l i d  phases  i n  which 

t h e  g r e a t e s t  p a r t  of t h e  molar volume i s  occupied by t h e  

long  a l k y l  cha ins ,  i n  a " l i q u i d - l i k e "  s t a t e .  5 ,6  

Though, on one hand, an ev ident  analogy e x i s t s  between 

t h e  s t r u c t u r a l  o rgan iza t ion  o f  t h e  hydrocarbon cha ins  i n  

these  phases and t h a t  i n  a smectic mesophase ( a l s o  i n  

r e l a t i o n  t o  systems of r e l e v a n t  b i o l o g i c a l  i n t e r e s t  such as, 

f o r  i n s t a n c e ,  t h e  l i p i d  b i l a y e r  membranes), on t h e  o t h e r  

hand no t r u e  l i q u i d  c r y s t a l l i n e  phases have been 
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128 M. VACATELLO and V. BUSICO 

descr ibed  u n t i l  now f o r  such compounds. 

W e  wish t o  r e p o r t  i n  t h i s  paper t h e  r e s u l t s  of  an 

i n v e s t i g a t i o n  of t h e  thermal behaviour of  t h e  bis(2-penta-  

decylammonium)tetrabromozincate, s i n c e  t h i s  compound g ives  

r i s e ,  i n  add i t ion  t o  t h e  previous d isordered  s o l i d  phases ,  

t o  a t r u e  mesophase which is  stable over  a wide temperature 

range. 

Table 1 lists t r a n s i t i o n  temperatures ,  en tha lp i e s  and 

en t rop ie s  f o r  t h e  compound under s tudy ,  t oge the r  wi th  t h e  

va lues  of t h e  " long spacings" of a l l  i t s  s t a b l e  polymorphs 

as deduced by a v a r i a b l e  temperature  x-ray d i f f r a c t i o n  

inves t iga t ion .  

TABLE 1 

Heating 

332 1 3 . 1  39 .5  23 .8  

393 38.6 98 .2  24 .8  

429a 8 . 2  19.1 28.2 

29.6 

Cooling 

321  12 .6  39.2 

388 38.4 99.0 

424 9 .4  2 2 . 1  

a Melting 

The t w o  t r a n s i t i o n s  a t  332 and 393'K are s o l i d - s o l i d  

phase changes, i n  which t h e  g r e a t e s t  amount of entropy 

inc rease  may be a t t r i b u t e d  t o  t h e  conformational d i so rde r ing  
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BIS (n-PENTADECYLAMMONIUM) TETRABROMOZINCATE 129 

of the a lky l  chains,  which " m e l t "  from an ordered a l l - t r a n s  

state t o  a " l iquid- l ike"  one characterized by a conforma- 

t i o n a l  freedom comparable t o  t h a t  of the 2-hydrocarbons i n  

the melt. 5 r 6  

t r a n s i t i o n  points  can be explained on the ground of a varia- 

t i on  i n  the packing of the hydrocarbon chains,  from a double 

layer  s t ruc tu re  with in t e rca l a t ion  of chains from adjacent 

layers  t o  a double layer  one with l e s s  o r  no in t e rca l a t ion ,  

as evidenced f o r  s imi l a r  systems. 

The increase of the long spacing a t  the 

3 

The b is (c -pentadecy1amnium)te t rabromozinca te  m e l t s  

a t  429'K giving a smectic mesophase whose d i f f r a c t i o n  

pa t t e rn  shows three r e f l ec t ion  maxima which a r e  successive 

orders corresponding t o  a long spacing of 29.6 &. 
photograph of t h i s  phase taken a t  450'K i s  shown i n  Figure 1. 

This mesophase i s  no doubt t h e  most s imi l a r  t o  the high 

temperature phase of a l i p i d  b i l aye r  membrane among the dis- 

ordered forms of compounds of t he  kind (RNH ) MX observed 

up t o  now. 

An x-ray 

3 2  4 

According t o  the  DSC curves and x-ray d i f f r a c t i o n  

pa t t e rns ,  no isotropism i s  detectable  a t  temperatures a s  

high as  550'K. On one hand, t h i s  unusually wide s t a b i l i t y  

range cannot be considered su rp r i s ing  f o r  a system l i k e  the 

one under study, since the highly d i r ec t iona l  i n t e rac t ions  

which s t a b i l i z e  the  layered s t ruc tu re  of the mesophase-- 

t h a t  i s  the cooperative optimization i n  the packing of the 

long hydrocarbon chains and of t h e i r  polar  heads--allow, a t  

lower temperatures, even the existence of a s t a b l e  c rys t a l -  

l i n e  phase i n  which, as  already reported, the g rea t e s t  frac- 

t i o n  of  the molar volume i s  i n  a "liquid-like' '  s t a t e .  

On the  other  hand, the systematic occurrence of 

layered s t ruc tu res  i n  nearly a l l  t he  systems const i tuted 
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130 M. VACATELLO and V. BUSICO 

F I G U R E  1 

by long a l i p h a t i c  chains i n  which one o r  both the  molecular 

heads are polar  suggests t h a t  such in t e rac t ions  be 

present  i n  a comparable amount i n  a l l  t he  compounds of t h i s  

kind, and possibly e f f e c t i v e  enough t o  allow the pers is tence 

of t h e  layers  even i n  the melt. 

1-4,9,10 

EXPERIMENTAL 

(c-C15H31NH3)2ZnBr4 was prepared by dissolving 

- n-pentadecylamine i n  g l a c i a l  a c e t i c  ac id ,  and adding con- 

centrated HBr(aq) and then ZnBr i n  stoichiometric amounts. 

After bo i l i ng  for 5 minutes, the r e su l t i ng  solut ion was 
2 
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BIS (nPENTADECY LAMMONIUM) TETRABROMOZINCATE 13 1 

allowed t o  cool t o  room temperature, and the white precipi-  

t a t e  f i l t e r e d  o f f ,  r ec rys t a l l i zed  twice from the  same 

solvent and dr ied i n  vacuo. The pu r i ty  of the produce was 

checked by elemental ana lys i s ,  I R  and NMR. 

The DSC curves were r eg i s t e red  between 270° and 550°K 

on a Perkin-Elmer DSC-2 apparatus, a t  t he  scanning r a t e  of 

10°K/min, i n  N atmosphere. 
2 

Optical observations have been made with a Leitz 

polar iz ing microscope, equipped with a Mettler PF-5 micro- 

furnace. 

X-ray powder d i f f r a c t i o n  measurements were performed 

on a Ph i l ip s  PW-1011 diffractometer with proportional 

counter (Cu K r ad ia t ion ,  N i  f i l t e r ) ;  var iable  temperature 

x-ray photographs were taken with a f l a t  camera a t  a fixed 

distance from the samples. 
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