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A direct ransmis sion infrared technique has been applied to obtain spectra of
acidi( bas ic MCi ~: 1-buty lpyr idlniuin chloride melts. Band assignments for
the ~~CL.,an1on show s~ii.tL1ng of the v~ mode jnd confirm tetrahedra l distor-
ti~ón . B~nds for the Al .Cl ’

~ftnion in thej -6~O c~~
’!
~tég~on f’or the 2:1 mole

ratio r~ it and solid TT~tAl:C1.);1 support tR~~prem~1se that the ion in the liqui c
phase has a bent A l-Cl-Al bridge . Detailed spectra also have been obtained of
the 1-buty l pyr idinium cation and ~he absence of extensive band broadening mayIndicate that the melt structure’is quas1-crystalline .,~~
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AB S TR4A CT

A fl rec t transr”~s s ’ on  infrared technique has been app ’li ed to obtain

s~ec ’r~ 0’ a c i d i c  .ini basic A lC l 3 : 1-butylpyridiniur’ chlo ride mel ts . Band

. t ’ s i  ‘n!-. er.~ s ~~~~ t~~t~ ~~Cl~ anion show s p l it t inn of the . .

~ 

node and confirm

~~~~~~~~~~~~~~~~ i : s T o r ~ ion . Bands for the A1 2C1 an ion in he 200—650 cri~~

~~~~ :V ~ ~~)r t h t~ -~~~~~ ~~e ra t iu  ~ei t and solid ~l 4(Al ~~ 7~2 
support the

;r~ ”:’ ,i~ tn~it the 1or~ in t hc~ l iqu id :~~se ~~s a bent A l -C -Ai hridoe .

~~t~t i~~’1 s pectra .i~~ ’~u have been obtained a ’ the i -buty 1p~ridiniur’ ca t i on

t~w absence 0’ e~ tens ive band broadeninq r’ay indicate tha t the mel t

‘~~r 4c ~~4 r~
5 is ~~~ 1— cry sta~ i~ ne .
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I ~TR O~R C T  IO~

c~~rj c t u r ~i1 inv.~~t ic ~at i ofls o~ the haloalum’nate anionic species in

~~~~~ t s n  ‘~~~tureS ~ vibr ationa l s pectr Qscopic me t hods are hampered to

~~i ’ . : ”  ~-~ten~ . ~~~, ; r ac ~~ ca l  - ,ble~is. For this reason , the experi-

~~~~~ icab le  ~ir’an techn~c:ur’~ in qeneral r~tve been preferred

, 5 ~~ 5 ’  i nf r ~ir~~i ~~~~~ e. t : .  . ri , ?~ . tho~4q h a Fourier t ransforr i

‘ ‘ - ~~r j ~~~’~ • ; . ‘s ~~~~r h4t~ ~‘r~~n dp p l ied to obtain ~— ‘ iss i on S~ectro of MA1C1 .

~.~
‘t’; a ‘A . 11 , ‘

~~~~. 
[
~~ . As certain binary A 1C1 3 :alk yi—

• ~li ~~ ~~1~~~~~4 rr~ are ion,c 1iq~ ids at dr’~ ient temperatu res .

t~~~~s ,~~~~~~~~
.— . i rs 4 w,’ ’l • r te ( 1  f ür  •,: id -bas e studies , as well as havinq

• c ’ - .” - n :  
~~~~~~~~ ~c ~ ~ ; n ~~er ies ~ so • ~hpi r ‘Ow iQijii. ~5 characteri St~ CS

‘-i.  i 1 t ~~ s~ s~~~: .  .‘r ,~~
’ 

~~~~~~~~~~~~~~~~~ s t j l ’.eS . ~hp ~r1”~ r,’ :)~~‘PC~~lVe

• ~
- 4 s s t 4 1~ was to • .i ~ss ~~~ p s t ~’r~ t c ~ which add it~ ona 1 vftrat onal

- :~~~p~~ ‘nr ~~~~ ~ CI . and ~i 1i~
_ •
.‘ . 1 ,. ’, -

A ’ — ~~~~ 
- -

L - — - - a~~~_~~~~~~-a--_ ~~~~ ~~~~~~~~~~ 
- 
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RESULTS

Al~ ”~ n~ ’ ¶ e t rd chlur ide ion (A ~Ci .)

F~ :~ re 18 fllu str cit ec the IR dbsorption spec trur’ for a 1 :1 mole

r~j t ~~ u A~ Cl 3-lBu PyC l ‘iq u id obtained by the transmission technique for

t!’ t -  . V- ’ ~~
“ ‘~pt-~ t r a l  req ion and he bands assi ci nabl e to the A 1C 1 4

~,‘ .ion tre reruorte~1 ‘n v ahle 1. An .-*tre me ly broad , intense peak ~s

:rfit~~re~i it •
~~~~ c ”  w i r. shou lders at ~76 and 525 cm . A weak band

~c -~ill.- co -~li be re’ ,~j 1yed a t  ~~~~~~~~~ cr de s : i te  a s i r -  i lar l y intense band

l r , the ria~:i(:~ due ‘- ‘ “ e :~)l ~ethy lene w~ndows .

‘A -  ,
~~ 

;d•j 
- -
~j r  ‘,‘j ’~ir~’. n~ ‘ P’e A l ~~ an ion ~n melts have been interpreted

1 ‘ . 3’ - ‘~ I ‘, j? ~~ .J~~(’55 • flQ •- et rd P’ ua l rd l  
~~ d ~ c~~T’etr, •~~ •~~ ~

ii a u:r ~~ j , ~~~ :r j ’ rj ’ , ,u ’ 
~~~~ ~ani’, ~ reported n i ne  ‘rr~~~~c~ncy sh ifts

r 
~~~~~~~~~ j’ I i  I un  ~c l~ d A I T I  ~:~~U i  rha ’ .” and propo s ed tha t the

e ’r~s~’~~.1r u l  ‘, —r’, - r , ~ 1ist~ rt ed  ~C . ) .  Their res ult •s at va r~ance

~ iY- ‘- .‘ —or e ca r~’4~ • t ~~dy o’ A 1 Cl~~:~fl ne’ts by Oye , et al • ~~~ An

4n .~t s ’ nr ed t e ra he l r an  posses ses 4 ~ar , -~ c t : v e  v ibrat ions (A 1 + E • 2F 2 )

-
, 

:~~~- 
- 

~ (~~~ ) ‘ro— r)0 ) v i t_ r i rou ’ s yrrietry rules . I” basic

r ’  I.~-• ’ h) L C I  ~:l -~ uP~C l , the Raman bands assianed to A I C )  are

3~ 1, • ~~• ~~~~ ~~• 
~~~~~~ 

-~~~~
) and 1R4 cr ’.1 

4 ( F~~ [ .  Spi itt inq

0’ ~~‘ e w ’~~i’~~~. ~~r r ’ar - t r t i v C  - ,  no 1 e on l y  can be used to determine

w ’ie ’ier or f l)’ the etrahedr a l species is perturbed structurall y i f

it’ . band intensi t y permits. A better indication may be provided by

c~~~it t in r  of the stronaly ZR -act ive mode, when the normally Inac ti ve

- ,  and 2 nodes may appear also . Smyrl . Mamantov and McCurry [3]

observed some additional band structure from ZR emission spectra for

in the molten A1 C I 3 :LiCI , NaCI and KC1 spectra but decomposition of

- A - - - • - —

- - 
~~~~~— - 

-- • _ _ _ _
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the r’~~~t s  compli cated the evaluation of anion perturbations by their

emission techni que . An Z R  study of the solid compounds Te2A 1C1 4,

~e3A lC l ,, Se4A 1C 1 4 and NaA 1CJ 4 has found tha t their anionic modes

are scHt 7~ and a weak ‘.

~~ 

node at 347 ci,(1 has been reported to

j c~ j r in t’~e sp ectr - .-- of the PC1 5 A 1C 1 3 adduct (PC1 )(AlCl~ ) [B).

r’.j o st .~i:u~’. a ’ the iA IC 1 . rielt have revealed tha t the mode

)‘s it ~7 I , 4~~ and 51? crr~~ and tha t the structural ~istorti oni

• 
~~~~~~ in the ~l Lu1i metal series Li

4 
~~~~ 

. Cs
4 
[9~ .

~~~~~~~~~ beptaL hl orl ie ion (A 1 ?C1~~
)

~ t v : : c u l  R ,
~;:rc ’rur of • ‘ ‘l nolar ra t io  A lC l 3 :~ -BuPyCl melt is

~~~~~~ in f l ’ . .re l C  ‘or the ?flfl-650 region and the bands at t r ibuta ble

• tO he A~~ Cl j Or  i r s  ,~~~ pd ici a~’)e . There ~s r e l a t : v e l y  l i t t l e  P

~iat~i available ‘or cot~ ’.ir:sor but t~~: ZR peaks at  ~3fl and .°? c

present i n  a c e t ? ’ np::tac~’~orod1aiu r’ inate have been accioned to Al - C l

c~ e’~ o’ the Al . .,Cl ~ anion lO~. Previous attempts to correlate Raman

•-ibr afl n.i l data 0~ me lts to a nodel Yructure have not been particularl y

~~~~~~~~~~~~~~~~~ :s .~ an I Oye and coworbe rs have been reluct art to propose a

t-e’ A -C l-C l br idqe because o’ the excess ive number o’ vibrations

~~r s 1 i c t s ’~~ f ( - r yjcPi a structure over those found experimentally. Methods

o’-r ’- •~~i f i  v ’~ r~it :onal spectroscopy used to investiga te the structures

0’ ~i~~)~~’~~r)4” heptaha ’ide ions, for example. X-ray crystallography of

the solils ~Ai 2Br7 [‘l~~, Pd2(C 6H6)~ (Ai 2Cl 7)2 [121. and Te4(A1 2C1 7)2 [13)

cinfir’- the presence of a bent bridge . Zn addition , appli cations of

‘~‘e ~4flP double-resonance technique to solid K.A1 2Br7 have produced results

consistent with the crystallographic findings ([14), references therein).

As a first order approximation , it Is of interest to attempt to correl ate

the far ZR spectrum of Te4(A1 2C1 7)2 to that of the 2:1 A 1C1 3 :l-BuPyC l

I ~~ 

— - .  - ‘ - — a-— -— -
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el t . ~iqure 2 conta ins the spect rur’ of Te4 M 2C1 7)2 dfld it is apparent

that the overall pr ofile in 300-650 cm~ region corresponds closely to

tha t of the .‘ :l A 1C I 3 :i.BuP yC1 spectrum (Figure lC). The frequencies

and intensities of the major bands for A ’12C1 ion in solid Te4(Al 2Cl~ )2,

it  ~~~(~~hr) ,  4— ~’ .(s ,s~ ) ,  430(m) , 384 (s) , 375(s,sh), 338(m ) ,  334( r ,sh)

~~~~~ flS cm ‘- ,sh l , are very s i r r i lar  to the bands found for A 1 2C1 ion

in t he ~~lten  sa lt (C ’. Table ~ ).  Spec tra of molecules ‘ixed in a

crhi~ t l i l i t’ ’  e i rs ’  ~f’t’ctpd by syrvetry rules deterr-ined by the lattice

sv—~’et’- .’ c(: r , ’) ’ r a i n s as well as the molecular point-group syr’retry.

it seer-c most probable that the Ai 2Cl~ anion in the

a wnt •~l - C l - A l  bridge and tha t the small nur’her o~ vibrational

-‘
~~~~~~ “. l e e u t s ’ t :- rev iu j s l y in the Par’an mode is due to the ~x te r 1r - ent j l

I’ ”i~~~’ t i e s o’ a t t u n i n g  detailed spec tra l resolution.

• -I’ )’ 
• :~.‘rr i: n’ , -ut ion

S: e c t r - , :‘ ne ca ’ ‘ion ‘s’a~ ured in a basi c O. P:1 mol ar

ra Y O I ~s ‘ 1 1  ,‘.tr~ te-.1 in Figure ‘~. In view of the relat ively

‘sC ’ ’  s ’ u .  ‘ r . ~r S i t ’ ,.S i’- the regions 800-1150 , l200 - l4~ i’. l5l(’ - 16?f l ,

‘~~~‘~ .‘RO1 a ’ l  ~~~~ • -‘
. it should be re la t ive ly  easy in many instanc es

-
- 

•p ,-~~ 
. a 

~ o r .-i” ‘C ‘0)1 it ions in these mel ts. The use of differential

s or ~~~ ~-iround subtraction methods m icht also be appli ed

i •~ ot’ • ii’~ v ibrat ional information of solutes.

Spinner [lY has made a detailed anal ysis of the vibrational spectrum

o~~ 1- —eth y loy r id in ia— cat ion and tentative band assignments right be

pos s i b le  on the basis of this data . A few differences occurred in the

spectrum 0f an acidic 2:1 melt to the basic melt spectrum shown in

Figure 1. a shoulder appeared instead of the weak band at 1 256 cm 1 ,

a medium band replaced the shoulder at 1 360 cm’~~, and the pattern of

a-
a.

— 
-. • •“ — A - — — . — - —-• -a--—- - — 

— —~~~~.--• - —  - ------ —‘a----- — — -----~~~ — ---• - - a-—
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bands at circa 1450-1500 cm~ modi fied in intensity. Far more differences

in the 600-1600 cm ’~ region were found in the 5pectrum of solid

1 -buty l pyrid inium chloride in a nujol mull and only t~~ sharp peaks

(503 and 580 cm~~) were resolved In the 200-600 cm ’~ reg ion.

-a- • •  — -A -  — ——
- - - 

-~—— - ~~~~—-—-- -__ -
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DISCUSSION

r~ t ne ~i A l C l .  ne.t , sp l i t t i nc i  o~ 
-.

~~~ 

by symetry lowering has been

e~~~~~ id ~~~ne1 Oy the tendency of the small Li
4 

cation to forr’ part ly covalent

i - C l  hor I~ w i t h  t~’e A I C 1 , anion and this tendency decreases in the

r ’ . i l i  --~‘tdl series L i  
~
. Cs ’ [ 10 1. It is in~~robable that  the

s : l i t i r q  e”ec~ “ ‘.uri’,’sted in the A l C l ~~:l- BuP yCl sys tei’- arises from the

Sr-e lirec t C a t l on i c po’a r i za hi l i t y behavior in view o~ the la r 1e , soft

ca ’ ion . Ass.i ”inr ; the ibsence o’ spec i’ic non-Couloinbic forces , screening

by the :~-,r i , 11 ,i~r - -‘-is ten and the al~~vl group may decrease the effective

~1e~ec t r 1c  co r s t i r t  a ’ t” .’ sohent . The result a ’ lower inc secondary

terionic ~i tt r ic ’vs’ j r )~~ re~ j i c i v p  f or cec wou ld thus ~rornte contact

jri))r-0(1 i:~r. :~~~1r ~ - i ~~d t 1 on . t is I I” lcult .  however , t o  assess the

r4~~1 ivp “aor-it ude o’ the s p l i t t i n g  effec t with respect to those found

l r t ’c’ 1 1 , 4 ,11 meta l cyste” c . without ourpa rative IP data .

b p s~~e c t r a I  ~ l ’’~~rs ’ nces  between ha~ ’t and ac id ic relts at cation

‘
~~~p~~~ , s ’ r c i e ’, o — ~~4 I - -~ ~o ’’i’c t a di~~ ’e rs ~nc p in the ca t ion : a n ion  interact ions

s : ~I ’~ ~-o a ‘.‘S - j
’ ’ o’ p~c~~in r cnn c t r a , n t s . ‘l’b~ ir’portance to

•~ - i ~~i ~ rfl ~-p r ~~i s ~ , ‘ ‘ h~ nature o’ the anion can be cons ider ab le and

~~~~~~ 
-
~~ ~~~~ ~~~~ conta in ing)  ‘,,ts e’ is i~ guid at far lower temperatures

•“ ,
~‘- r~’ basic — nit ’ . . ?etailed hand ass ignments f ror isotropic studies

- ‘i’’- t he ci’ value in t h is  rega rd . For C~,D~N
4
CH 3, the asyrrietric CR 3

teni in o hand at Li”? cr~~ broadens in aqueous solution , thereby satisf ying

r r i~~r~r o r  ‘or a ~ow barrier to alky l-rirou n rotation [151. In aenera l,

¶bp coec t ra o’ the — ‘c’lts seem to be s i r- l iar  to tha t of the solid chloride

salt i~ $ P~lç regard and the rotationa l freedom may be restricted by a

quasi-c rystallin e lattice type of solven t struc ture. More detailed ZR

_ _  _  

-

- :~~
_
: ‘1
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~tj 1iPS could aid in answering o~~stions as to how the rotational and

~ iiec ula r entrop y facto rs are related to the low l iguidus temperatures

o’ these ‘nelt systenis .

Add1 t j ~~~i1 a p; ’ l i ca t io ns of infrared studies on solutes in these

5:/stems w ’ ili ~ e ‘o r t h c o r - i ng [l6~ .

~~~~~~ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _  — - .--- -- - 
— -- -a.-~- - - - - 
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~ 0 ’ ‘.‘~-~ o a l  s an~ mel s have been desc r i bed prev iOuSl y

E • • L i  :~ i~ el Is were ‘ i li ed and sea l ed w i t h  e ’ I ‘‘ st o ; pers i ~ a

~ ~ -)fl t.i ~nir . : i r i +  ~~~ argon dt”x)spbere . Spectra in the ? _ € ~~~

• -  r’ . ~~~ t’’e ?~ l r’ - I ~ --e l’s we re  recorded on a ~.eC~~r~~1r’ IP I:

s :-e • • “~~~~ it ”  ~~~ . 1’ i f l C~ ooi ieth y is ’ r .t windows i roi U .Ofl~ ~nc~
,- ‘~~~~~~~ s~- i p r . cr o r v e r t l .’r, l ‘5aTi 1 ~~~id cel l (~ isher Sc ient i’ ic) was

• h~ flfl/~~. O - 1 
€‘~ ps’r 1 ’ent s. The purpl e so 1 11 ~A l 2C1 

~~
--

~~~~~ , r ~~~~~~ :~r s 4 P r 1~~ , ‘,~r1lry1 to tne procedure o’ Couc~’, et 4 I r  . [13:

• i’ a r~-~ ‘ol ~u I I t’ t tween p01 yet ~i • I ene pl ates • An

1 -a’ -a n spec trw - was unsucce ss ’u 1

—
I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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15 ~~) r i  was s~ p:x)rted by the fl~~ ic e o’ P(aval ~eSPdr (  b 3
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FIGURE LEGENDS

i~iure I . Infrared transmission spectra of: A . Empty polyethylene

ce l l , 8 . 1:1  molar rat io A 1C 1 3 :l-BuPyC 1 mel t , and C. 2:1

“‘iolar ratio A 1C 1 3 :1-BuP yC1 melt, room temperature .

1’ urt’ ‘ . Infrared transmiSsion spectrum of solid Te 4 ( A l 2Cl 7 ) C .

i o - ~~•e 3. :nfrared transm ission spec trum of 1 :1 A 1C 1
3
:l-BuP yCl melt

at room teniperatune .
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