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~)imensional Correlate ! “ uclear Magnetic Resonance

of Spin-Coupled Systems

r)aviJ C. Finster , William C. sutton , and Ru ssel l  N. Grimes*

Department of Chemistry , Univers ity of Virginia

Charlottesville , \‘1~ 229 01

~bst ract .  i\~o-~~i sinn~ l (2~~) Fourier t r ansfo rm nuclear  magnet ic

resonance ~~cctroscopy has been ~~p 1ied ror the f i rst  time to a
u T

~~ B- ~( sp in syster . f~ he teron~ c lear experime n t is

performed on the closo-carborane , 2,4—C 2B5!~7,  to r~ive a 2r) corre-
11~~ ~lated spec t r .~~. in which c~~~~ cs1 ~th~ !t ~~ta of ~ an~ ~ are

qi mu l t a n e o u s i~ 1~~~c~ ~n ~ t h r  -d im en s i o n a l  mar. I t  is  show n

tha t  the techni~~ue h~~s the ~ r~~en t i~~l to re~~o1’.’e b r oad , overlap~ e~

B si-nals V i t  the  r h e n i : i a i shirt ~~ th~ ‘rotor- t ,  which the’~ are

s~~a lar -c o up l e 1.
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Two-Dimensional Correlated Nuclea; Magnetic Resonance

11 1of Spin-Coupled B- H Systems

A commo n problem in the i n t e r p r e t a t i on  of ~
1B N . M . R .

spectra of pol yhedral boron compounds arises when resonances

of sinilar chem~ ca1 shi ft are unresolved due to the overlap

of ~ntrins: ca iL y b road reaks whose width is due to unresolved

~in 1 rap~~ r e l ax a t~ on.
1 Al thou gh thc ~ise of h igher

p ’iari zin .1 ~ajnet~ c fiel .~s cert~~in1 y nitigates this problem ,

a pow e r f u l new techn i que which has the potential to circumvent

reso1utic~r’~ difficulties is two—dimensional (2fl) N .M.R. This

metho d is now co~~ erci ally available and has been applied to

31 2— 11H , ~~~, an 3 P nuclei. It is the purpose of this

Communicati~~r. to report the successful app l ica ti on of the 2D

~;.M. P. meth~~ to ~ ~
H_
~~~R system , sp ecif ~ cal1’. a polyhedra l

~~ rborane.

The theory of 2~ N .M.R. is well-established 2 and details

of the basic  p u l s e  seq uence and many va r i a tions of i t have

app ear ed ,~~~
6 i ncluding chemical app lications.

7 1 1  The experi-

ment that appears to be most useful for the study of pol yhedra l

boron compounds is analogous to those performed on 31P-1H ~

and 13C- 1H.8 The pulse sequence (Figure 1 ) begins with the

application of a 90° pulse to a proton population at therma l

equilibrium , thus generating transverse magnetization. After an



evolution perio~ t1, the transverse magnetization vectors of

~ifferinj frequencies (e.g., the two components of a ~oub1et)

will then occupy different orientations in the rotating frame .

A second 90 0 pulse Is then arp i ie .~ in o r d e r  to rotate the

dephased vectors out o~ the x y p ane wh ich produces

corresponding vectors cf f f e r i n ~~~M~ values. The second

pulse  res ul ts in se~~e .” t i ~~e~~’~ “ p’im ~~in ~
’ th e sp ir. pop u la tions

of 1’1 B nuclei that are scalar coupled to protons.

a r’ulse I s  ar c . ~c the “fl nuclei in order to

~~n~~tor the  ~~~ fr”~ Ln~ ’:ctio~ ~ ec~~~ .~ur1n~ t2 . The experi-

ment is re~ e~~te~ m,~nv ~~~~~~~~~ 5 5 ~~~~~” i~~~il y varying t1
and thu s

est~ h’~ishing a tw~ -~~imc r.s~ or.a .~ata mat rix over t
1 

and t
2
. A

io~ b e  Fourier transforma~ inr. :5 -rrfor--e~ on this matrix to

11
a 2P ~. . ~ .P. sr~-’c~tr .:m •~.n-~ ~r o~ ona fr~ c’1encv axes ( B

and -

~~~~~ , s ult .ec~~ lv ~i :a~•inc the -hemic~~ shi !’  spectra of

both ~~B ~ -~i ~~~~~
. A ~~~~~~~~~~ Ir. the’ ~~ar wi’~ cor esron~ to a BH

p a i r or part. of a RH ra i . r I! no ~‘.eco up 1 ing is emp ioyed~ with

chemical shifts in.~icated on the appropriate axis.

In  Figure 2 the spectrum of the ~loso-carborane 2 ,4—C 2B5
H.,

is shown , which to cur knowle~oe represents the~~,rst reported

2D ~ .M .R. “xper~ ment . The compound selected is typical of

boron cage systems in that it cxhihi’’~ Thr-~ terminal ~—H scalar

coup lxn i and minor  i~~n -j  rarv~e ( >  1 b’T’nd) co~~~i~ ng. The

resolution of si -~n”~~s o~er ‘-w~ :~i’”in’ t ayes is ciearly

visib le ; s: r.’ ~eccur ing is er .r1ove~~, the RH pairs appear as

I
I

— — . —-~ 
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three doublets of quartets having relative areas of 2:2:1

corresponding to the three distinct boron environments in the

molecule.

The two components of each of the doublets appearing in

the boron dim.ns!on are 1800 out of phase , although this is

masked in the absolute value spectrum. This effect arises

due to the progressive and regressive nature of the modulation

b y the protons which allows no net transfer of magnetization

between the spin systems . The l:-l intensity pattern can be

exp lained by classical spin pumping arguments used previously
1’3to account for  the C multiplets of methyl and methy lene

5,11groups .

On e s t r i k i n g  f e a tu r e  of the spec t rum is the  approximate

3:1:1:3 intensity pattern for the 1’
~’B— coupled 1’H quartets ,

which differs from the familiar 1:1:1:1 pattern ordinaril y

seen for a nucleus coupled to a single spin I ~ 3/2 nucleus.

D e n s it y  mat r ix  analysis~~ predicts a 3 :l:— l :-3 pattern for a

coupled UB_ 1H pair of spins if 90° pulses are app lied to both

11 1
B an d H nuclei.

L . . - - -‘- -_- _~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ -.- -—.—— —. —~~~— - ---
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Pro jection of t he  2fl spectra on the 11~ axis (Figure 3)

and the 1;: axis (Figure 4b) produce lD spectra wh ich rese~. e

the normal \.M.R. spectra . However , an important difference

exists between the rroton :~r o i e ct i o n  and the normal  1D ~~~~~~

of the same sample ( P i  iu r e  4 a )  : the 2p pr o j e c t i o r  has  e l i m i —

n a t e ,~ the S
’—!! :-~tnn.’ ( ~~~ 

~.5) , or~janic imnu rities in the

same ( £1.s—3 .o ), an d mu ltip lets due to 10B—
11t decoupling;

the reason , of course , is that oni y ~~!1-~ H pairs are observed in

thi s t ’, ne  of ex~ er :men~

It is e . ~~ nt  that 2:~ ~~~~~~ eo~~rosccpv is capable of

r e st . h e a v~ ~~~~
. over1a~ :e .~ 

“P si~~na1s , and of correlating the

- l~ . 1
resonances o~ ~n~~~v~ dual P an nuclei which are scalar—

counie to each ~t her. A further advantage is t h a t  i ll spectra

a r e  s~~mp 1i~~ie~ hy el: ’-~~nat~~on of resonances of pro tons  ( e . g . ,  in

o rJ a n :c s~~~~~~~~~”. ’~ an  in s o l v en t s )  t h a t  are  not  coupled to boron.

M~ ~: ficat ior.~ of this nroce lure , s uch as ~e o ~ ni :nc e xn er i m en t s ,

ire expecte ! t~ increase s t ’.~~l ! ur t h e ~- 
~ ‘e information that can be

extracted by thi s tec nx~~ue.
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Figure Captions

Figure 1. Pulse sequence for the heteronuclear 1’
~
’B-~

’H experiment.

11 1Figure 2. Two-dimensional correlated B- H N .M.R. spectrum of

2 ,4-C,B5
IL, obtained on an NT-lSO spectrometer. The

x ax is exhibits chemical shift , ~~~~, i n ppm relative

to TMS at 150 MHz; the y axis shows ~~B chemical shif t

in ppm relative tc BF
3~
O(C

2H5
)
2 at 48 MHz. An absolute

value spectrum is plotted. The peaks in the upper righ t

are shoulders of unmodula ted 1113 signals not included in

the plot.5

Figure 3. Pro’ection on t~’ axis of Fi~~ure 2 show~ rn: the

doublets ~ue to Un_ lu coup l i n~~.

F i~~ur e 4 .  P r o t o n  ~ .M .P. nnect :a of , •~~~~~J r }L. (a) 1D spectrum

at ~~~ t~. Hz . (b) Projcct.~ on on t h e  x axis of Figure 2.

For assi lnme ntc see rcfr’renc ’ 13.
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