
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Fluorine NMR in Zirconium, Hafnium and Thorium Tetrafluorides and f-
Orbital Contribution to Interatomic Bonds
S. P. Habudaa; Yu. V. Gagarinskyb

a Institute of Physics, Siberian Branch, Krasnojarsk, U.S.S.R. b F.E. Dept., Chemistry Division,
Vladivostok, U.S.S.R.

To cite this Article Habuda, S. P. and Gagarinsky, Yu. V.(1969) 'Fluorine NMR in Zirconium, Hafnium and Thorium
Tetrafluorides and f-Orbital Contribution to Interatomic Bonds', Spectroscopy Letters, 2: 10, 307 — 312
To link to this Article: DOI: 10.1080/00387016908050214
URL: http://dx.doi.org/10.1080/00387016908050214

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387016908050214
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 2 ( 1 0 ) ,  307-312 (1969) 

FLUORIITt3 N I B  I N  ZIRCONIUM, 
RIDES AND f-ORBITAL CONTRIBUTION 'Po INTERA'POMjCC BOITDS 

HAFNIUId AND !I!EIOXILJIV"~ T!E!i!-WLUO- 

VORDS: metal f luorides ,  NIIR spectra, chemical bond. 

S. P. Habuda 
I n s t i t u t e  of Physics, S i b e r i a  Branch, Ac. Sci. U.S.S.R., 

Krasnojarsk, U. S. S. R. 

Yu. V .  Gagarinsky 
Chemistry Division, F.E. Dept., Sib. Branch, Ac.Sci.USSR, 

Vladivo stok, U . S . S .R. 

1 Previously we have observed a '?F NnE? asymmetric l i n e  

i n  polycrystali ine T P 4  i n  the 6-9 kOe f i e l d s ,  which w a s  

ascribed t o  the anisotropy of the I9F nuclei  screening cons- 

tant. However, the accepted in te rpre ta t ion  i n  the case of  a 

powder sample i s  not the only possible one, since i n  the pre- 

sence of chemically o r  s t r u c t u r a l l y  non-equivalent f luor ine  

atom groups spectrum asymmetry may a l s o  a r i se  on account of 

the difference i n  the nuclei  magxetic screening constants 

due t o  non-equivalefit posit ions.  T h i s  dilemma i n  the case o f  

2olycrystall ine samples m a y  be solved o n l y  when recording 

spectra i n  the highest f i e l d s .  Mon-equivalence o f  ,iSle nuc- 

l e i  may lead t o  a s p l i t  of the Il'IiTR spectrum i n t o  components, 

corresponding t o  the v a r i o u s  posit ions.  Uhen spectrum asym- 

metry i s  due t o  the anisotropy of  the screening constant, 

f i e l d  strength r i s e  may b u t  lead t o  an increase o f  the to- 

t a l  spectrum width, i t s  shape remaining unal tered.  

~n this connection, "?F KKR spectra  i n  polycrystal l ine 

ThF4, ZrF4 aud HfF4 were once again investigated i n  the  
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S.  P. HABUDA AND YU. V. GAGARINSKY 

23.5 kOe f i e l d  with the aid of a JNM-4H-100 spectrometer. 

Some of the obtained spectra are shown i n  the figure.  It 

is  apparent t ha t  i n  o u r  case the application of a higher 

f i e l d  leads t o  a s p l i t  of the TW4 and ZrF4 f luorine NhR 

spectra in to  two separate components- 

i n  f i e l d s  up t o  9 kOe pract ical ly  symmetric KMR spectra  were 

recorded.) 

KMR spectra gravi ty  centers i n  Th, Z r ,  and H f  t e t ra f luor ides ,  

measured in respect t o  C6F6 and recalculated in re la t ion  t o  

F2, as well as spectra doublet sp l i t t ings .  

t ha t  doublet s p l i t s  are d i r ec t ly  proportional t o  the applied 

1 (Note that f o r  ZrF4 

The table  c i t e s  the chemical shifts< $>of I% 

2 

It w a s  a lso  found 

20 0 5 10 15 
(H-H,), Gauss 

FIG. 
Positions and shapes o f  ThF,+, ZrF4 and HfF4 ’?t? “Rlgpectra. 
Zero mark i n  the (H - Ho) scale corresponds t o  the F NMR 
signal i n  gaseous F2. 

magnetic f i e ld .  

the spectrum s p l i t  in to  two componeats as a r e s u l t  of the d i f -  

ference i n  the screenirg constants of the two f luorine atom 

groups i n  the structure,  namely F(A) and F(B), responsible 

This a l l o w s  f o r  a simple in te rpre ta t ion  of 
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l 9F  NMR IN ZrF4, HfF4, and ThF4 

f o r  the appearance of the l iness i tua ted  i n  the high and low 

f i e l d s  respectively. The spectra  second moments S2, extra- 

polated t o  the zero external f i e l d ,  and the l a t t i c e  para- 

meters f o r  the compounds discussed are a l s o  c i t ed  i n  the 

table  . 

luoride 

-F4 

I-IfF4 

Lattice Y ar m e  t e r  s 

a, 1 b, ;; c, p 
11.71 9.89 7.66 126°09' 
12.6 10.6 8.3 126' 
11.70 9*86 7.64 126'05' 

CeF4* 

q'.o I 8*6 I 1260 
f'm4 1130'l 

s2,0e2 <S> Cb,-&) 
(Ho+O) x106 x106 

10.Ob.4 4E+kll5Of2O 
8.8%.4 - 150% 

5 8%. 3 33222C 25d20 
- w 5 0  0 

Judging by the r a t i o  of the doublet components, 2:l f o r  

TU4,  it may be inferred that i n  B loc i  of s t ructure  ThF4 

there are two  times more f luorine atoms t h m  i n  posi t ions A. 

For ZrF4 the r a t i o  i s  ostensibly the same, although, due t o  a 

smaller s p l i t  and broader components as  a r e su l t  of a smaller 

elementary c e l l  s i ze  and correspondingly la rger  S2, the dif-  

ference i n  the in t ens i t i e s  of  the "I3 l i ne  components i s  l e s s  

pronounced . 
The r e su l t s  seem uexpected i n  two respects. F i r s t l y ,  

the great difference i n  the spectra shapes f o r  s t r u c t w a l l y  

very close ZrF4 and iW4 i s  surprising. 

proceeds from t h e  already known s t ruc tura l  data,-the reso- 

l u t i o n  of ZrF4, CeF4 and ThF4 fluorine NIJR spectra i n t o  two 

Secondly, i f  one 
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S .  P. HABUDA AND YU. V. GAGARINSKY 

separate l i n e s  i s  unexpected, too. Indeed, the elementary 

c e l l  of the ZrF4 s t ructure  type, t o  which a l l  the investiga- 

ted substances belong, possesses seven s t r u c t u r a l l y  non-equi- 

v d e n t  fluorine atoms .‘,5 
ever, me not s o  great  as t o  possibly cause a spectrum s p l i t  

i n t o  two components. An approximate calculat ion o f  F-Me and 

F-F overlap in tegra ls  corroborates t h i s  conclusion; hence, 

a t  first sight,only the HfF4 spectrum, f o r  which no s p l i t  

whatsoever was revealed, seems usual, whereas the behavior o f  

ZrF4, CeF4 and ThF4 i n  regard t o  t h e i r  NRrIR spectra  appears 

unusual. 

The differences among t h e m ,  how- 

A t  present there are  hardly any grounds t o  expect any 

substant ia l ly  more precise def in i t ion  of the s t r u c t u r a l  d a t ~ ? ’ ~  

f o r  ZrF4-type crystals .  Especially unlikely i s  the appearance 

of marked s t ruc tura l  differences between ZrF4 and HfF4 because 

o f  p rac t ica l ly  ident ica l  Z r b  and Hfb ionic  radii. Hence, it 

m a y  be concluded t h a t  the observed p e c u l i a r i t i e s  i n  the t e t r a -  

f luoride group ’% NMR spectra are caused, primarily, by the 

differences i n  t h e i r  e lectron s t ructure .  I n  par t icular ,both 

e f f e c t s  are explicable, i f  one assumes tha t  metal i o n  f-&Us 

take p a r t  i n  the formation of r e l a t i v e l y  weak donor-acceptor 

F-Me bonds f o r  two-thirds o f  the t o t a l  number of f luorine 

ions i n  TW4, ZrF4 and CeP4. 

formed, inasmuch as the H f b  ion 4f-she11 i s  f i l l e d  and i t s  

electron configuration i s  fI4. 

likewise, the r e l a t i v e l y  great ( rA - lB) f o r  ThP4 compared 

t o  ZrT4 and CeF4, since the act inides  5f-shell i s  l e s s  

I n  HfF4 such bonds cannot be 

T ~ S  assumption explains, 
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I9F NMR I N  ZrF4, HfF4, and ThF4 

screened and, consequently, i s  capable of giving s t ronger  

bonds than the 4f -she l l  of the r a r e  e a r t h  elements. 

Kow, it i s  i n t e r e s t i n g  t o  e luc ida te  which of t he  4% 

f luo r ine  atoms, s i t u a t e d  i n  the  Th, Z r  and Ce t e t r a f l u o r i d e  

elementary c e l l s ,  belong t o  F(B) atoms, i.e. are bonded wi th  

Me ions  by f - o r b i t a l s  ( t h i s  leading t o  a shift i n  t h e i r  "R 

s igna l s  towards the low f i e l d ) ,  and which t o  the  F(A) type,  

i . e .  are not  bonded by involving f -o rb i t a l s  (and possess a 

%on-shifted" IRvlR signal) Each of  the f l u o r i n e  atoms i s  co- 

ordinated by tvro Neb ions ,  there  being b u t  two s t r u c t u r a l l y  

non-equivalent -byyes o f  t he  s a i d  ions ,  namely Me (1) on the  

two-fold axes and Me(2) i n  the  General posi t ions.  

of t h e  f l u o r i n e  atoms - F(1) ,  P(2) and F(5),  supposedly be- 

longing t o  F(A)  , are  bonded only t o  Me(2) ions, whereas the 

remaining two-thirds o f  f l uo r ine  a t o m  - F ( 3 ) ,  F(4),  F(6) 

and F(7), ascribed t o  F(B), are bonded simultaneously with 

Me(1) and hTe(2) ions. Thus, t he  bonds between these  atoms 

and Me(1) may be assumed t o  be the  reason f o r  the  shift af 

the  F(B) atom NhlR signal towards  t he  l o w  f i e l d .  

One t h i r d  

The e s s e n t i a l  d i f fe rence  of Me(l)-F and Me(2)-F bonds 

may be due t o  the  d i s t i n c t i o n  in symmetry o f  the coordinat ion 

polyhedra comprisinll; e igh t  f l uo r ine  atoms surrounding Me(1) 

a d  I'vIe(2) ions.  These polyhedra are  s l i g h t l y  d i s t o r t e d  

square antiprisms, those connected wi th  Me(1) possessing t h e  

above-mentioned second order  symmetry axis .  

r y  apparently acts favorably on the formation of Me(1)-F mo- 

l e c u l a r  o r b i t a l s  involving f - she l l s , ,  whereas with hIe(2)-8F 

polyhedra of l o w  symmetry the re  i s  no such p o s s i b i l i t y .  

A higher symmet- 
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S. P. HABUDA AND YU. V. GAGARINSKY 

Data concerning W,+ magnetic suscept ibi l i ty  anomaly i n  

low temperatures7 serves as  an independent corroboration of 

the inference regmding the physical difference of fluorine 

bonds with Me(1) and liIe(2) i n  te t raf luoride structures.  To 

explain some of the features pertaining t o  this anomaly, it 

was assumed7 t h a t  the behavior of U(1) and U(2) ions in UF4 

(belonging t o  the ZrF4 structure type) i s  essent ia l ly  dif-  

ferent ,  mainly i n  respect t o  the ion energy spectrum struc- 

ture i n  tvqo positions. It i s  assumed tha t  i n  this case the 

main role b e l o x s  t o  the symmetry of  the local posit ions of 

the U(1) and U(2) ions. 
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