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Abstract  

The NMR of 47Ti and 49Ti has been observed in TiH2 in the temperature range 155-310 
K. The Knight shift and spin-lattice relaxation rate (TIT)- ~ were found to be temperature 
dependent. The shift varied from 0.245±0.002% at 310 K to 0.319±0.002% at 155 K, 
whereas T , T  varied from 22±1 s K at 310 K to 48.8±3 s K at 155 K. From the 
temperature dependences of Knight shift and magnetic susceptibility a core polarization 
hyperfine field of - (126 ± 8) kOe was deduced. Applying the tight binding approximation 
the data for the cubic phase (310 K) have been partitioned into spin (s,p,d) and orbital 
(p,d) contributions. 

In the tetragonal phase (below 310 K) a temperature dependence of the d band 
density of states at the Fermi level was deduced. An influence of the lower symmetry 
on the spin-lattice relaxation behaviour is discussed. 

1. Introduct ion  

AS a pa r t  of  our  con t inuous  invest igat ion of NMR in the  dihydride  p h a s e s  
o f  t r ans i t ion  me ta l s  and  the i r  a l loys [1 -7 ] ,  we  have  s tudied  the  47Ti and  49Ti 
NMR in Till2. The  m e a s u r e m e n t s  of  the  Knight  shift  K and  nuc lea r  sp in - l a t t i ce  
r e l axa t ion  ra te  ( T I T ) -  1 of  t rans i t ion  me ta l  hydr ides  can  give in format ion  
a b o u t  the i r  e lec t ronic  s t ruc tu re  at  the  Fe rmi  level wh ich  is difficult to  ob ta in  
b y  o the r  e x p e r i m e n t a l  m e t hods .  To date,  however ,  m o s t  e x p e r i m e n t a l  efforts  
fo r  TiH~ hydr ide  p h a s e  have  b e e n  c o n c e r n e d  wi th  1H NMR [ 8 - 1 1  I. 

Most  va luab le  in fo rmat ion  on e lec t ronic  s t ruc tu re  can  be  ob ta ined  w h e n  
b o t h  c o m p o n e n t s  of  a b ina ry  hydr ide  are  access ib le  to the  NMR technique .  
Such  an  oppo r tun i t y  a p p e a r s  in the  cases  of  YH2 [12, 13], ScH2 [2], VH2 
[3, 4] and  NbH2 [5], where  NMR e x p e r i m e n t s  for  ' H  as  well  as for  the  sgy, 
45Sc, 51V and 9aNb have  been  pe r fo rmed .  All t he se  nucle i  are a b o u t  100% 
a b u n d a n t  and,  a l though  4~Sc, 5~V and 93Nb nuclei  p o s s e s s  q u a d r u p o l a r  m o m e n t ,  
the i r  r e s o n a n c e s  could  be  re la t ively easi ly o b s e r v e d  b e c a u s e  of  the  cubic  
s t ruc tu re  o f  the i r  dihydrides .  

The  i m p o r t a n t  con t r ibu t ions  to  the  o b s e r v e d  r e l axa t ion  ra tes  and  Knight  
shif ts  of  me ta l  nucle i  in these  dihydrides  have  b e e n  shown  to ar ise  ma in ly  
f r o m  orbi ta l  and  core -po la r iza t ion  hyperf ine  in te rac t ions  wi th  the  d c o m p o n e n t  
o f  the  c o n d u c t i o n  e lec t ron  wave  func t ions  a t  the  Fe rmi  level.  

The  NMR act ive  i so topes  o f  t i tanium,  z i rcon ium and  ha fn ium all p o s s e s s  
low na tura l  abundance ,  re la t ively  small  g y r o m a g n e t i c  ra t io  and  s imul taneous ly  
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a rather large quadrupolar moment. For this reason, it has not  yet been 
possible to observe l~Hf  resonance in HfH2, and that of 91Zr in tetragonal 
ZrH2 was detected only fairly recently (by Zogal et  al.  [ 14]). To our knowledge, 
there have been only two experiments referring to the 4VTi and 49Ti resonance 
in Till2 [15, 16]. Because of the poor  experimental resolution achieved by 
Frisch and Forman [15], they could not resolve the separate 4~Ti and 49Ti 
lines and therefore could only give a crude estimation of titanium Knight 
shift. Goren et  al .  [16] observed close-lying 4~Ti and 49Ti resonances in Till2 
in both cubic and tetragonal phases. The Knight shift was measured as a 
function of  temperature for Till2 and as a function of hydrogen concentration 
in WiHx. 

In the present  study the temperature dependences of the 49Ti Knight 
shift and spin-latt ice relaxation rates have been measured in Till2. The aim 
of this work is to provide some comprehensive conclusions on the electronic 
structure and the nature of hyperfine interactions in both the cubic and 
tetragonal phases of  Till2. The results are compared with those obtained 
from specific heat [ 17, 18 ], magnetic susceptibility [ 19 ] and recent  theoretical 
predictions [20-25  ]. Of particular interest are questions related to interference 
effects in the relaxation rate due to possible s--d mixing. They can arise 
because of  the lower-than-cubic symmetry of the tetragonal phase. The 
contribution of the p symmetry electronic states to the relaxation rate is 
taken into account; a term which has not been considered previously in the 
analysis of  the spin-latt ice relaxation times for the hydrides is also discussed. 

2. Experimental procedure 

The Till2 sample, which was fine powder, was obtained from the Fluke 
AG, Buchs SG (Switzerland). According to the supplier, the m~jor impurities 
are: nitrogen, 0.1% or less; chlorine, 0.08% or less; carbon, 0.03% or less; 
silicon, 0.05% or less; iron, 0.09% or less; nickel, 0.05% or less; and magnesium, 
0.04% or less. The sample was checked by X-ray diffraction (at room 
temperature) to be single phase and the f.c.c, structure was identified with 
the lattice parameter  a = 4.452 + 0.004/~.  The observed breadths of the X- 
ray diffraction peaks, however, do not exclude possible small tetragonal 
deformations at this temperature. 

The 4~Ti and 4~ri resonances were observed at a resonance frequency 
of  16.924 MHz on a Bruker MSL 300S spectrometer  equipped with a B-VT 
1000 E temperature controller. The temperature was varied from 155 to 
310 K. The lower value was limited by our present  instrumentation and the 
higher value corresponds to the temperature region where a diffusional 
contribution to the relaxation is still inefficient. 

The spectra obtained are Fourier transforms of  typically 2000 signals 
of  free induction decays after a single pulse (5.25 /zs). The 90 ° pulse was 
adjusted using a TIC14 reference sample. The dead time of the receiver was 
about  200 /~s for 2000 scans. The spin-lattice relaxation times T1 were 



55 

measured using a 180°-90 ° pulse sequence. The Knight shifts were measured 
relative to TIC14. 

3. Exper imenta l  resul ts  

Figure 1 shows the 47Ti and 49Ti absorption lines recorded at 294 and 
155 K. The two peaks are attributed to the two isotopes, the 49Ti (on the 
left) having spin I = 7 / 2  and 47Ti with 1=5/2.  At 310 K Till2 exists as 
a cubic phase and should not  show quadrupolar interaction. It is known 
that below this temperature  the transition to tetragonal phase is observed 
and the axial ratio c/a decreases with decreasing temperature.  Increasing 
tetragonality induces the stronger quadrupolar interaction and the signal-to- 
noise ratio decreases at lower temperatures.  However, the 4VTi and 49Ti lines 
are still well resolved at 155 K. The 49Ti resonance was chosen for further 
analysis of the temperature  dependences of both Knight shifts and spin-latt ice 
relaxation times since this resonance is more prominent  than that of 47Ti, 
thus offering a bet ter  signal-to-noise ratio. 

Figure 2 shows the temperature  dependence of the 49Ti Knight shift. 
The observed lineshapes and temperature  dependence of the Knight shift 
are in full agreement  with the data of Goren et al. [16]. The presently 
repor ted value of K =  0.245 _ 0.002% for the Knight shift of the cubic phase 
(at 310 K) is only slightly lower than the 0.252 +0 .001% obtained by Goren 
et al. [16] for temperatures  above 300 K. 

T=294K , ~, 

' 1 o ' ~  . . . . . . . . . . . . . .  -lObOO 
(a)  Hertz 

T= 155 K J !/ 

20000 100OO 0 
Co ) Hertz 

Fig. 1. The  a b s o r p t i o n  spec t ra  o f  the 4~Ti and 49Ti resonances  in  T i l l  z at  (a)  2 9 4  K and Co) 
155 K. No te  t h a t  t he  hor izon ta l  s ca l e  s l igh t ly  differs in t he  two cases .  Ze roes  on  t he  f r e q u e n c y  
scale correspond to the 4~'i Knight shift value of 0.254%, measured with respect to the 49Ti 
signal in TiCI4 at 294 K. The arrows indicate the posiiton of the 4~ri peak used for Knight 
shift determination. 
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Fig. 2. Temperature dependence of  the 4~ri Knight shift in Till2. 

Fig. 3. Recovery of  the 4~ri nuclear magnetization as a function of  pulse spacing r at 
Tffi294 K. 
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Fig. 4. The (TIT) -]t2 values o f  49Ti r e s o n a n c e  for temperatures T from 155 to 310 K. 

Figure 3 shows an example of the recovery curve of  the nuclear 
magnetization obtained at T = 294 K. The experimental points are fitted to 
a straight line. It intercepts the ordinate axis at [M~ -M(r)] /2M® < 1 which 
indicates the partial saturation of  the nuclear spin system. Despite this, the 
spin-lattice relaxation time was derived from the slope which is consistent 
with the conclusions of Simmons et al. [26]. 

Figure 4 shows the results of the TI measurements on 49Ti. We have 
plotted (T1T) -1/2 for 49Ti vs. temperature to show that its temperature 
dependence corresponds qualitatively to that of (TI T) -ue for ~H reported 
in refs. 8, 10 and 11. 

4. D i scuss ion  

4.1. Cubw phase  
In the cubic phase, since s, p and d functions belong to different 

irreducible representations of the cubic group, the relaxation rate is given 
by a sum of the individual hyperfine contributions [27]: 
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( T  1 T ) - 1  = 4~h72kB{[Ns(O)HF]2 + [Np(0)H$~b]eF~b + [Np (0)H~b]2F~p p 

+ [Sd(0)H~b]2F~b + [Nd(0)H~b]2F2" + [Nd(0)H~D]2F~ p} (1) 

where h=h/27r is Planck's constant; 7 is the nuclear gyromagnetic ratio; kB 
is Boltzmann's constant; Ns(0), Np(0) and Nd(0) are the densities of states 
at the Fermi energy from the s, p and d bands respectively for one direction 

r-r °~b H~ ~b and H~ p are the s-Fermi contact, p orbital, d of the spin. H~, __9 , 
orbital and d core polarization hyperfine fields respectively. Finally, po~b - - p  , 

cup F~b, F~p and F~ p are the reduction factors, which arise from the orbital Fp , 
degeneracy of the p and d bands. In the case of cubic transition metals 

orb F ,  = 2/9, F~"  -- 1/15 andF~ ~b, F~"  andF~ p are functions of a single parameter 
f(t2g) indicating the degree of admixture of t2g and eg character of the d 
functions at the Fermi level: 

(2) 

1 
F~u" = 147 {5[f(t2g)12 - 6f(t2g) + 6} (3) 

1 1 
F~P= 5 [f(t2g)]2 + 2 [1-f(t2g)] 2 (4) 

In analysing the Knight shift K and the molar magnetic susceptibility X in 
the 3d transition metals several contributions must be considered in addition 
to the diamagnetic terms: that of the usual s conduction electron susceptibility 
Xs and the resulting Fermi contact hyperfine shift K[ ,  as well as two 
contributions arising from the presence of d electrons, the spin paramagnetic 
susceptibility of the unfilled 3d conduction band Xd and the resulting induced 
polarization of the core electrons, with the associated shift K~ p, and lastly 
the Van Vleck orbital susceptibility of the partially filled 3d band X~, and 
the resulting shift K ~ .  A negligibly small core polarization comes from the 
s and p conduction bands and they will be omitted in following expression 
for the observed Knight shift: 

Kob, =K~a r cp + K ,  +Kd  + K ~  

_ 2 (r  -1) XCUa+(IzBN)_I[HFxs+H~Pxd+HdVVx~V ] (5) 
g (r ~) 

and 

Xobs=X~ +X,+Xp+Xd+X~ (6) 

X~ = 2t~Ns(0) (7) 

Xp = 2t~Np(0) (8) 

Xd = 2~Nd(0) [1  -- VcNd(0) ] -1 (9) 
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In these equations N is Avogadro's  number, /zB is the Bohr magneton, Vc 
is the effective Coulomb potential which enhances the d band spin susceptibility 
over the value given by the free electron approximation, Ha  w is the d orbital 
hyperfine field. It should be pointed out that H~ rb in eqn. (1) represents an 
average over the Fermi surface, while the Haw in eqn. (5) is weighted over 
all states which contribute to Xaw. Finally, ( r  e) and ( r  - I )  are the average 
nth power  of the electron orbital radius. 

The diamagnetic contribution to the titanium Knight shift can be estimated 
from the approximate expression [28] 

Keaa(%) = - 1 0 0 h n r o / a o  (1 O) 

where An represents the difference in 3d electron occupancy between the 
shift reference and the hydride, and ro and a0 are the classical electron 
radius and the first Bohr radius respectively. In the case of  TiHe the shift 
is measured with respect  to TIC14, and An is about  2, thus giving K~a = - 0.01%. 
The diamagnetic contribution to the observed molar susceptibility X ~  was 
then evaluated using ( r  -1) and (re)  values given for Ti e+ (3d 2) by Freeman 
and Watson [29] and we have obtained X ~ - - - 1 0 x 1 0 - 6  e.m.u, mo1-1. 

Before the above equations can be used for further analysis, the values 
of the appropriate hyperfine fields have to be known. H~ p can usually be 
estimated from the plot of Knight shift K vs .  X if they both show temperature 
dependence and if it can be  assumed that both temperature dependences 
are only caused by the d spin contributions. Such an opportunity appears 
in TiHe where, using the present  Knight shift data and magnetic susceptibility 
data of Trzebiatowski and Stalhiski [19], we have obtained 
H ~ P = - ( 0 . 1 2 6 + 0 . 0 0 8 ) X 1 0 8  Oe (Fig. 5). This value is very close to 
H~ p= - 0 . 1 1 8 X 1 0 6  Oe calculated for h.c.p, titanium metal by Asada and 
Terahtra  [30]. We note at this point that Goren e t  a l .  [16], combining their 
titanium Knight shift data and proton spin-latt ice relaxation rate data with 
the theoretical data on N(0)  reported by different authors, have estimated 
H~ p to be 0 . 1 5 4 x 1 0 6  Oe<~-/~Pl<0.313X106 Oe. 

0 . 3 2 ~  

0.241 ~ 200 210 220 230 
susceptibility [lO-6emu/mote] 

Fig. 5. The 4~£i Knight shift  K vs. magnet ic  susceptibility X, with t e m p e r a t u r e  as  the  implicit  
parameter .  ~(T) was taken from the  work of Trzebiatowski and Stal~ski  [19]. 
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The values of hyperfine fields we have used in the present analysis are 
given in Table 1. H F, ~orb and H~ rb .~p are taken to be the same as those 
calculated for h.c.p, titanium metal by Asada and Terakura [30]. Ebert et  

a l .  [31] have approximated H ~  by 0.85H~ ~b in their analysis of titanium 
Knight shift in h.c.p, titanium and we adapted this approximation in K for 
our case of Till2. 

The band structure calculations for cubic titanium-rich Ti1_~Nb~ [25] 
dihydrides showed that the partial wave components of the electron densities 
of states are N~(0):Np(0)'JVd(0 ) = 1:8:9 i.  These ratios are nearly independent 
o f x  (see, for example, ref. 25, Table 2). We have used them in our partitioning 
procedure for the cubic Till 2. The teg character of the titanium d electron 
functions at the Fermi energy increases with decreasing concentration of 
niobium [25]. When x-->0 we obtainf(t2g)=0.56.  The remaining parameter 
is N(0) which we have adjusted to give an agreement between the calculated 
and observed relaxation rates. Our evaluation of N(0)=  1.121 states (eV)- 
compares favourably with that derived from the 93Nb Knight shift and relaxation 
rate analysis in Tio.95Nb0.o5HL94 [i]  and falls in between the theoretically 
calculated N(0)--0.85 states (eV)-i [23], 0.95 states (eV)-~ [21 ], 1.03 states 
(eV) -I  [24], 1.33 states (eV) -I  [22] and 1.73 states (eV) -1 [20] for Till2. 

The estimated contributions of s, p and d bands to N(0) and (T~ T)- 
are given in Table I. It is apparent that the dominant relaxation process 
arises from the d orbital contribution. This conclusion is insensitive to possible 
errors in assumed values of the hyperfine fields. Subtracting the diamagnetic 

TABLE 1 

4~ri magnet ic  hyperfme fields and conduct ion  electron contr ibut ions  to the  total  density of 
s tates ,  and spin- la t t ice  relaxation rate, in the  cubic phase  of Till2" 

Pa rame te r  Source Value 

H~ 
H~ ~ 
H~ e° 

H a  vv 

H~ p 

Ns(0)  
Np(0) 
Nd(0) 

f(t29 
Yc 

(T~T) -1 S 

Polo 
P~p 
do. 
ddip 
dcp 

4 . 9 9 3 x  106 Oe 

0 . 9 1 6 × 1 0 8  Oe 

0.21 × l0  B Oe 

0 . 1 7 9 × 1 0 6  Oe 

- 0 . 1 2 6 × 1 0 8  Oe 

0.011 s ta tes  (eV) -1 (spin)  -1 

0.09 s ta tes  (eV) -1 (spin)  -~ 
1.02 s ta tes  (eV) -1 (spin)  -1 

0.56 
0.34 eV 

0.0051 s -1 K -1 
0.0024 s -1 K -1 
0.0007 s -1 K -1 
0 .0296 s - '  K -1 
0.0022 s -1 K -1 
0.0054 s -1 K -1 

~Based on  the  p rocedure  described in the text. 
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TABLE 2 

The Knight shifts and magnetic susceptibility partitioned into their different terms a 

Parameter Source Value 

K (%) 

X ( X10-6 e.m.u, tool -1) 

s 0.064 
d (Van Vleck) 0.419 
d¢p - 0.228 
Diamagnetism - 0.01 

s spin 0.7 
p spin 5.8 
d spin 100.9 
d orbital 130.6 
Diamagnetism - 10.0 

"Obtained as described in the text. 

and  s and p cont r ibu t ions  to  the magne t ic  suscept ibi l i ty  and Knight shift 
f r o m the  m e a s u r e d  va lues  and  combin ing  eqns.  (5), (6) and (9), we have  
found  the d spin and  d orbi tal  cont r ibut ions  as well as the  magni tude  of  
Vc. Numerica l  da ta  are  p r e sen t ed  in Tables  1 and 2. Again, the orbital  
cont r ibu t ions  domina te  in bo th  the  Knight shift  and the  susceptibil i ty.  

Addit ional  verif icat ion of  ou r  es t imate  of the t empe ra tu r e - i ndependen t  
magne t ic  suscept ibi l i ty  cont r ibu t ions  Xs, Xp and Xvv can be  made  by  compar i son  
o f  the  exper imen ta l  suscept ibi l i ty  at  abou t  0 K with the calcula ted value.  
Subt rac t ing  Ns(0) + Np(0) = 0.101 s ta tes  (eV) - i f rom N(0)  = 0.71 s ta tes  ( eV) -  1 
eva lua ted  by  Bohmhanune l  et al. [18] f rom the  low t empera tu re  specific 
hea t  m e a s u r e m e n t s  for  TiHL99 we obtain N d ( 0 ) =  0 .609 s ta tes  (eV) -~ and 
f rom eqn. (9) Xd(0 K ) = 4 9 . 7 × 1 0  -6 e.m.u, m o l - L  Hence  X¢~¢(0 K)=X~+ 
X~ + X, + Xd + Xvv = ( -  1 0 + 0 . 7 + 5 . 8 + 4 9 . 7 + 1 3 0 . 6 )  × 10 -6 = 176.8 × 10 -6 
e.m.u, m o l -  I. The  magne t ic  suscept ibi l i ty  data  of  Trzebia towski  and Stalhiski 
for  TiHI.ga [19] ex t rapo la ted  to  0 K give X o b s = 1 9 0 × 1 0  -6 e.m.u, mo1-1, 
which  c o m p a r e s  favourab ly  with that  ca lcula ted above.  

4.2. Tetragonal phase 
F or  the  te t ragonal ly  de fo rmed  CaF2-type s t ruc ture  o f  TiHe, the  appropr ia te  

po in t  g roup  is D4h (4/mmm) on  the  t i tanium sites. For  the  D4h local s y m m e t r y  
the  s-like (l= 0) a tomic  func t ion  t r ans fo rms  as  the Als represen ta t ion ;  the  
th ree  p-like (l = 1) and  five d-like (l = 2) funct ions  f rom bases  for  i r reducible  
r ep re sen ta t ions  A2u, Eu, Alg, Big, B2g and Eg respect ively.  Since bo th  
s(Y~o) and s(Y~2) funct ions  be long  to  the  Alg representa t ion ,  the resul t ing 
(negat ive)  in te r fe rence  t e rm  be tween  Fermi  con tac t  and core  polar izat ion 
in te rac t ions  mus t  be added  to  eqn. (1). The  p and  d dipolar  cont r ibut ions  
to  the  re laxa t ion  ra te  are  small, as  in the  case  of  cubic  phase ,  and t he re fo re  
will be  ignored  in the  following. Using the  calculat ion p r o c e d u r e  desc r ibed  
by  Narath  [32] and  Asada  and  Terakura  [30], we obta in  a (T1T) -1 fo rmula  
appropr i a t e  fo r  the  t e t ragona l  phase  and p o w d e r  sample:  
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(T1T)-  I = 4zrh~ kB{[Ns(O)H~2 + [Yp(O)Hprb]2 F,pOrb 

F cp lg 2 + [Nd(O)H~,rb]2F'd °rb + [Nd(O)H~p]2F~ p + 2Hs Hd [~d (0)1 } (11) 

with 

4 2 E --pP'°rb---- 5f(Aeu)f(E'u)+ 5 f e (  u) (12) 

where 

2f(Eu) +f(A2u) = 1 (13) 

and 

F , o r b  __ 4 1 d -- 5f(Eg)[6f(A1g)+f(Blg)+f(B2g)+ f(Zg)] (14) 

1 
F ~  p =f2(A,g) +f2(Blg) +fe(B2g) + ~ f2(Eg) (15) 

where 

f(A,g) +f(B,g) +f(Beg) + 2f(Eg) = 1 (16) 

It is evident from the above equation that the correction factor p,o~b is a - - p  

function of a single parameter whereas F~ °rb and F~ cp become functions of 
three independent parameters expressing the relative weights of admixture 
among Alg, Big, B2g and Eg symmetry types of d functions at the Fermi 
level. The quantity ~ g ( 0 )  in eqn. (11) is the so-called off-diagonal density 
of states at the Fermi energy, discussed for the first time by Asada and 
Terakura [30] in the case of relaxation rates in h.c.p, transition metals. 

S i n c e  [~s~g(0)[ 2 does not mean a product NA1~(0)NA~(0), it is difficult 
to predict  the behaviour of  the off-diagonal density of states from that of 
the partial density of states. 

A slightly different expression for the Fermi contact--core polarization 
interference term was given by Narath [32] for the case of h.c.p, titanium 
but  we omit the details because of the other complications mentioned above. 

Having gained some faith in the spin-lattice relaxation, Knight shift and 
magnetic susceptibility partitioning for the cubic phase, we now examine 
the predictions for the tetragonal phase. 

Subtracting K F, K~ v and Kdu from the measured shifts we have obtained 
the core-polarization contribution K~ p and from eqns. (5) and (9) we have 
evaluated the densities of  states Nd(0) for each measured temperature. 
Subsequently, we have plotted the experimental values of (T1 T)-1 against 
N~(0) (Fig. 6). 

Figure 6 reveals two striking features. In the first place, the experimental 
rates are seen to be a linear function of  N~(0), thus indicatIng that the 
magnitude of 4zrh7 e kn[(H~rb)2F~d °rb + (H~p)2F~ p] is temperature independent. 
Secondly, the point of intersection of that line at Nde(0) yields a negative 
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Fig. 6. Plot of (T1 T) - i vs. the square of the d band density of states Nd2(0) for the tetragonal 
phase of TiH2. 

Fig. 7. Plot of the d orbital reduction factor F~ °~b for tetragonal symmetry as a function of 
the orbital admixture coefficients f(Al,) and f(Es): , solutions for given values off(E,); 

, the area of allowed solutions. 

va lue  and  this  shows  tha t  the  F e r m i  c o n t a c t - c o r e  po la r i za t ion  in te rac t ion  
c o m i n g  f r o m  an  s - d  a d m i x t u r e  in the  A1g r e p r e s e n t a t i o n  is an impor t an t  
con t r ibu t ion  to the  to ta l  r e l axa t ion  ra te .  Tak ing  eqn.  (16)  into a c c o u n t  the  
e x p r e s s i o n  for  F~  °rb can  b e  rewr i t t en  in the  f o r m  

rl ] 
F'd °rb= m l- + f(A~g) - f (Eg)  (17)  

which  c lear ly  shows  tha t  F h  °rb is i n d e p e n d e n t  of  the  ra t io  f (Blg)/ f(Beg).  
W,orb f ac t o r  on  the  orbi ta l  a d m i x t u r e  coeff icients  f(A~g) D e p e n d e n c e  of  the  --d 

a n d f ( E g )  is i l lus t ra ted in Fig. 7. The  s haded  a r e a  r e p r e s e n t s  a se t  o f  so lu t ions  
f o r f ( A l g ) , f ( E g ) , f ( B i g )  and  f(B2g), which  r e p r o d u c e  the  s t ra igh t  l ine in Fig. 
6. Again, the  resu l t s  s ugges t  a cons ide rab le  s - d  a d m i x t u r e  in the  A~g 
r ep resen ta t ion .  

5. C o n c l u s i o n s  

For  the  cubic  3, p h a s e  of  TiH2 we have  pa r t i t i oned  the  49Ti re laxa t ion  
rate ,  Knight  shif t  and  m a g n e t i c  suscept ib i l i ty  into s, p and  d band  cont r ibut ions .  
The  in te rac t ions  we  inves t iga ted  include d i rec t  Fe rmi  contac t ,  orbital ,  dipole  
and  core-po la r iza t ion  in terac t ions .  W e  have  found  tha t  the  dominan t  con- 
t r ibu t ions  ar ise  f r o m  the  d orbi ta l  t e rms .  The  core -po la r i za t ion  in te rac t ion  
which  is r e spons ib l e  fo r  the  t e m p e r a t u r e  d e p e n d e n c e  of  the  m e a s u r e d  Knight  
shif t  p rovides ,  however ,  a m i n o r  con t r ibu t ion  to  the  r e l axa t ion  ra te .  W e  have  
shown  tha t  the  p c o m p o n e n t ,  which  has  so  far  not  b e e n  cons ide red  in 
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analysing experiments on the relaxation rates of transition metal hydrides, 
amounts to about 7°,0 of the total relaxation rate. 

The temperature dependences of the 49Ti Knight shift and spin-lattice 
relaxation (this work) as well as the previously reported data on ~H NMR 
and magnetic susceptibility [10, 11, 17, 19] provide evidence that the total 
density of states at the Fermi level in the tetragonal ~ phase of TiHz is 
continuously reduced with decreasing temperature. There exists a strong 
correlation between the splitting of the cubic into tetragonal lattice constants 
with decreasing temperature and the corresponding changes in the magnetic 
susceptibility, Knight shifts and spin-lattice relaxation rates. However, at the 
present stage, it is difficult to draw quantitative conclusions about the 
experimental dependences because the c/a ratio is temperature dependent, 
and the bands at the Fermi level are continuously modified by the change 
in temperature. A detailed assessment must await future calculations that 
can better describe changes in the band structure with varying lattice constant. 

N o t e  added in p r o o f  

Very soon after this paper had been accepted, the authors realized that 
eqns. 14, 15 and 17 were incorrect. Thus, Fig. 7 and the consequences 
resulting from it are invalid. We hope to present the correct equations for 
F,Orb and ~.,c, shortly in this journal. d ~ d  

We are sorry for any inconvenience caused by our delay. 
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