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One-centre, five germ, electronic wave functions are determined for the ammonium and 
borohydride ions. Total molecular energies are determined for various internuclear distances 
and the equilibrium internuclear distances and the breaghing force constants found. These 
values are in agreement with the observed quangities. The proton affinity of ammonia is 
predicted to be 0.362 a. u. 

Fiir die Ionen NH +und BH i- wird je eine fiinfgliedrige Einzentren-Elektronenfunkgion 
bereehneg. Die Gesamtcnergie der Molekiile wird fiir verschiedene Kernabstiinde bestimmg; 
daraus erhglg man Gleichgewiehtsabst/~nde und Krafgkonstangen der totalsymmetrischen 
Schwingung. Die Werge stimmen mig dem Experiment gut fiberein. Die Protonenaffinitgt des 
NH 3 wird zu 0,362 at. E. berechnet. 

Des fonetions 6lecgroniques monocentriques & cinq termes song d6termin6es pour les ions 
NH + et BH-~. Les 6nergies totMes des mol6cules song caleul6es pour plusieurs distances 
internucl6aires d'oh song tir6s les distances d'6quilibre e$ les eonstantes de force de la vi- 
brabion sym6grique. Les valeurs song en accord avee les quangit6s observ6es. La protonaffinit6 
du NH~ est pr6dite s 0,362 unit@s atomiques. 

Introduction 
Although one-centre methods have been used to invest igate  the methane  

molecule fairly thoroughly [4, 24], less a t t en t ion  has been given to its isoelectronie 
neighbours:  the borohydride ion (BH~) and  the a m m o n i u m  ion (NH+~). Both of 
these ions are tetrahedral ,  conta in  ten  electrons and  should be reasonably well 
described by  a five te rm wave funct ion similar to tha t  used for the methane  

molecule [4]. 
Of the t r ea tmen t s  of the a m m o n i u m  ion which have been given previously, 

the first was by  Ho~vATI~ [17], who dis t r ibuted the protons on a sphere and  used 

a N a- wave funct ion inside this sphere and  a Na + wave funct ion outside The 
molecular  energy was calculated as - -  12.57 a . u .  with respect to iV 5- (this ion 
has an energy of - -  44.80 a . u .  [25]) and  consequent ly  the to ta l  energy of the 
a m m o n i u m  ion will be - -  57.37 a. u. B]~XAL [2] using a one-centre t rea tment ,  
described the electrons with an  analyt ic  one te rm spherical wave funct ion;  this 
work was later  extended into a t tartree-l~ock calculation as a pre l iminary in- 
vest igat ion of the properties of metallic a m m o n i u m  [8], un fo r tuna te ly  no energy 
was calculated for this extended wave function.  I n  i958 HART~A~r and  GLIE- 
~AN~ [14, 15] published an analyt ical  t r ea tmen t  using a spherical wave funct ion 
and  included a calculation of the infrared i}equeneies, however, their  t r ea tmen t  
was l imited to the outer eight electrons. KRAUSS [18] has recently used the 
t ta r t ree-Foek method  with exponent ia l  quadrat ic  funct ions and  G ~ I ~  [12], 
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using a single spherical determinantal  wave function containh~g three parameters,  
has calculated the total  molecular energy for both N H  + and B H ~ .  The results 
of these authors are summarized in Tab. 1. 

Table 1. Predicted total molecular energies (Eo) in a. u., equilibrium bond distances ( Ro) in a. u. 
and symmetric breathing vibrational/requencies (r~) in cm -~ 

I{O~VAT~ [17] . . . . . . . . . . . . . . . . . . . .  
B n n ~ ,  [2] . . . . . . . . . . . . . . . . . . . . . .  
H _ ~ a T ~  [15] . . . . . . . . . . . . . . . . . .  
KaACSS [18] . . . . . . . . . . . . . . . . . . . . .  
G R ~  [12] . . . . . . . . . . . . . . . . . . . . . .  

BH~  

[12] . . . . . . . . . . . . . . . . . . . . . .  ] G ~  
! 

I Eo Ro 

--57.37 1.60 
--55.68 1.84 

-- 2.00 
--56.50 
--55.68 1.84 

- -  2 6 . 1 1  2 . 2 1  

7)1 

3600* 

2189" 

* for an eight electron wave function 

M e t h o d  

The present calculation follows closely tha t  given previously [4, 24]. A five 
term wave function of the form : 

T = c  141 §  242 §  3 4  a §  444 + % 4 5  

is used, where the 4 are combinations of Slater determinants,  which in tu rn  are 
made up of spin functions ~ and fl (indicated, respectively, by  no bar and a bar) 
and normalized atomic orbitals centred on the heavy  a tom nucleus. 

41 = ( s ~ s* ~* px ~ py ~y p~ -~), 
42 - ~ -1/2 [(8 8 8* ]xyz pz 7~ py F~ p~ p~) + (8 8 /x~ ~* p~ -~x py F~ p~ F~)], 
4~ = 6-1/- . [(8 ~ 8.  ~* pz ~y~ py 7y p~ ~ )  + (8 ~ 8* ~* dy~ ~z py py p~ ~z) + 

4 4 = 6 -V~ [(s ~ s* ~* Px ]x(sx2-.~) py -fly Pz Pz) + etc. ], 

4 5 = 6 -V, [(8 ~ 8* ~* px gyz(Tx~-~) Py -Py Pz -Pz) § etc. ], 

s = Ns  rns -1 exp ( - -  ~s r), 

s" = Ns, rn~,-1 exp (--~s, r), 

8 $ : ( 8 '  - -  $ 8 ) 1 ( 1  - -  S 2 )  1/~ , 

Px = N p  rn, -1 exp (--~p r) [ / 3 x ] ,  

dyz= N a r  n~-I exp (--~a r) [ / 1 5  yz], 

/x(~z:-~) = Nf, rUl '-1 exp (--~f r) [ / 7 x  (5x2--3)/2], 

gyz (7x~-1) = Ng rng -1 exp (--~g r) [ / ~  yz (7x2--1)/2], 
N~ = (2 ~)n~ + ~/2 [4~(2n~)!] - I /2  , 

s =fss, 
x, y and z are the Cartesian co-ordinates, divided by r, the radial distance. 

28* 
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The coefficients, c~, are de te rmined  b y  the  va r i a t iona l  me thod  and  the  para-  
meters  n and  n/~ b y  min imiza t ion  of the  expec ta t ion  value  of  the  energy for given 
N - H  or B - H  bond  distances.  Non- in tegra l  n values  are al lowed and  the  energy 
formulas  are der ived  in the  s t a n d a r d  way.  Al l  the  calculat ions were made  on the  
Bend ix  G-20 compute r  a t  the  Carnegie I n s t i t u t e  of Technology Computa t ion  
Center and  the  min imiza t ion  procedure  was based  on the  " p a t t e r n  search"  m e t h o d  
of H o o ~  and  JEwv~s [16]. 

Ulfless otherwise ind ica ted  all quant i t ies  are in a tomic  uni ts  : length  in uni ts  of  
a 0 = 0.52917 • t0  -s cm, and  energies in uni ts  af  e2/ao = 27.210 eV. 

Results 

I n  Tab.  2 and  3 the  best  n and n/~ values  are given for a series of N - H  and 
B - H  bond  dis tances  (R) ; in Tab.  4 and  5 there  are t a b u l a t e d  the  to ta l  electronic 
energies (Eel), the  classical nuclear  in te rac t ion  energies (Enue), the  t o t a l  molecular  
energies (Etot), the  kinet ic  energies (T) and  the  ra t ios  of the  l a t t e r  two quant i t ies  
for the  same  distances.  I n  Tab.  6 and 7 the  coefficients, c,, are given and  in 
Tab.  8 - -11  the  coefficients and  m a t r i x  e lements  for R = 1.90 a . u .  in the  
a m m o n i u m  ion case and  R = 2.20 a. u. in the  borohydr ide  ion case. 

F r o m  the  five to ta l  molecular  energies and  the  five t o t a l  k inet ic  energies, 
predic t ions  can be made  for the  
equi l ibr ium to t a l  molecular  energy 
brea th ing  v ib ra t ion  (k). This m a y  

a + b R  

o r  

equi l ibr ium in te rnuc lear  dis tances  (Ro), the  
(Eo) and  the  force cons tan t  of the  symmet r i c  
be done b y  f i t t ing a po lynomia l  of  the  form 

-~ c R  ~ § d R  a § eR  4 (1) 

+ bR  + cR  ~ (2) 

(the l a t t e r  b y  the  m e t h o d  of least  squares) to the  t o t a l  molecular  energies and 
finding the  second der iva t ive  wi th  respect  to R, th is  g iv ing /c  and  the  m i n i m u m  

Table 2. Parameter values /or the /ive-term ammonium ion wave /unction /or di//erent N . H  
distances ( R)  

All quantities are in atomic units: length in units o /a  o = 0,52917 x 10 -s  cm, energies in units o/ 
e2/ao = 27.210 eV 

R 1.75 1.85 1.90 1.95 2.00 

n s  . . . . . . . . . . . . . . .  

( n / ~ )  . . . . . . . . . . . . . .  

n s t  . . . . . . . . . . . . . . .  

( n i t )  . . . . . . . . . . . . . .  

n p  . . . . . . . . . . . . . . .  

(nl~)~ . . . . . . . . . . . .  

n d  . . . . . . . . . . . . . . .  

(n/~)a . . . . . . . . . . .  
n f  . . . . . . . . . . . . . .  

( n l ~ ) f  . . . . . . . . . . . . .  

n $ ,  . . . . . . . . . . . . . .  

(nl~)~ . . . . . . . . . . . . .  

n g  . . . . . . . . . . . . . . .  

( n l ~ ) ~  . . . . . . . . . . .  

0.9876 
0.1501 
2.1702 
1.t087 
t.6366 
1.1770 
5.5942 
1.7741 
8.4191 
1.7584 
8.7970 
t.8348 
9.7582 
1.8481 

0.9877 
0.1501 
2.1149 
1.1t84 
1.6079 
1.2039 
5.6758 
1.8640 
8.4860 
1.8431 
8.9090 
t.9317 
9.8563 
t.9446 

0.9878 
0.t501 
2.0896 
1.1225 
1..5942 
1.2169 
5.7150 
1.9090 
8.5150 
1.8852 
8.9641 
i.9801 
9.9040 
t.9928 

0.9879 
0.1501 
2.0646 
1.t261 
1.5809 
t.2296 
5.7548 
1.9542 
8.5419 
1.9271 
9.0149 
2.0287 
9.9520 
2.0410 

0.9879 
0A501 
2.0413 
t.1291 
t.5680 
t.2420 
5.7931 
1.9995 
8.5641 
1.9687 
9.0652 
2.0772 
9.9971 
~.os92 
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Table  3. Parameter values /or the [ive-term borohydride ion wave /unction /or different B-H 
distances ( R) 

R 2.0 2.1 2.2 2.3 2.4 

n s  . . . . . . . . . . . . . . .  

(~/~) . . . . . . . . . . . . .  

ns ,  . . . . . . . . . . . . . . .  

(n/~) . . . . . . . . . . . . . .  

np  . . . . . . . . . . . . . . .  

( n / ~ ) ~  . . . . . . . . . . .  

( n l r  . . . . . . . . . . . .  
Tbf . . . . . . . . . . . . . .  

(n/~)s . . . . . . . . . . . . .  
n f ~  . . . . . . . . . . . . . . .  

(ntr . . . . . . . . . . . . .  

ng  . . . . . . . . . . . . . . .  

(nl~')~ . . . . . . . . . . . . .  

0.9823 
0 .2 t39  
2 .42 t l  
1.6731 
1 .8 t93 
t .8428 
5.7237 
2.1320 
8.4497 
2.1081 
8.7432 
2.1591 
9.6853 
2.1858 

0.9824 
0.2139 
2.3690 
t .7054 
t .7991 
t .8995 
5.8220 
2.2254 
8.5534 
2.1992 
8.8668 
2.2581 
9.8053 
2.2858 

0.9825 
0 .2 t39  
2 .3 t59 
1.7358 
1.7781 
1.9554 
5.9180 
2.3191 
8.6506 
2.2902 
8.9865 
2.3572 
9.9217 
2.3857 

0.9826 
0.2138 
2.2634 
1.7643 
1.7566 
2.0107 
6 .0 t23 
2.4t31 
8.7429 
2.3812 
9.1042 
2.4562 

10.0337 
2.4856 

0.9827 
0.2138 
2.2104 
1.7907 
1.7345 
2.0652 
6.1054 
2.5073 
8 .83t2  
2.4721 
9.2189 
2.5553 

10.1425 
2.5854 

Table  4. Electronic energy (Ed), 
energy (Et~ kinetic energy (T )  

classical nuclear interaction energy (E.uo), total molecular 
and the ratio o/ the latter two quantities ]or different N . H  

distances ( R) 

R 

E e l  . . . . . . .  

E n u c  . . . . . .  

E t o t  . . . . . .  

T/Etot . . . .  

1.75 

- - 7 4 . 3 4 8 3 1 8  
18.099563 

- -56 .248755  
56.957034 

- -  1 .0 t2592 

1.85 

- -73 .390449  
t7 .121208 

- -56 .269241  
56.493970 

- -  1.003994 

t . 90  

- -72 .940802  
16.670650 

- -56 .270152  
56.285372 

- -  4.000270 

1.95 

- -72 .509186  
16.243197 

- -56 .265988  
56.091461 

- -  0.996898 

2.00 

- - 7 2 . 0 9 4 5 8 4  
t 5 . 8 3 7 t t 7  

- -56 .257467  
55.912205 

- 0.993863 

Tab le  5. Electronic energy (Eel), classical nuclear interaction energy (E'uc), total molecular 
energy ( E t ~  kinetic energy (T )  and the ratio o/ the latter two quantities /or different B-H 

distances ( R) 

R 

E e l  . . . . . . .  

E n u c  . . . . . .  

E tot . . . . . .  

T . . . . . . . .  

TIE tot . . . .  

2.00 

- - 3 8 . 3 4 1 5 9 5  
11.837117 

- - 2 6 . 5 0 4 4 7 8  
27.157541 

- -  t .024640 

2.10 

- -37 .797460  
11.273445 

- - 2 6 . 5 2 4 0 1 5  
26.861322 

- -  1.012717 

2.20 

- -37 .290638  
10.76t016 

- - 2 6 . 5 2 9 6 2 2  
26.596943 

- -  1.002538 

2.30 2.40 

- -36 .817480  - -36 .374797  
10.293145 9.864264 

- -26 .524335  ! - -26 .510533  
26.379430 26.166917 

- -  0.994537 - -  0.987039 
E 

Table  6. The linear coefficients (c~) /or different N-H distances (R)  in the ammonium ion 

R 

C 1 . . . . . . . .  

% . . . . . . . .  

C 3 . . . . . . . .  

% . . . . . . . .  

C 5 . . . . . . . .  

1.75 J 1.85 

0.913313 0.910633 
0.130522 0.129481 
0 .3384i2  0.342851 

- - 0 . 1 1 7 4 8 0  - - 0 . 1 2 0 9 7 2  
! 0.143177 i 0.147648 

t . 90  

0.90936i  
0.128771 
0.344961 

- - 0 . 1 2 2 6 5 6  
0.149795 

1.95 

0.908123 
0.127945 
0.347012 

- - 0 A 2 4 3 1 9  
0.151889 

2.00 

0.906913 
O.126992 
O.349O35 

- - 0 . 1 2 5 9 5 0  
0.153925 
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Table 7. The linear coefficients (c~) /or different B-H distances (R )  in the borohydride ion 

R 

C 1 . . . . . . . .  

C 2 . . . . . . . .  

C 3 . . . . . . . .  

C A . . . . . . . .  

C 5 . . . . . . . .  

2.0 

0.875451 
0.172304 
0.394802 

--0.139998 
0.168609 

2 . 1  

0.870611 
0.174435 
0.400498 

--0.144340 
0.174287 

2.2 

0.866003 
0.176187 
0.405763 

- -  0A48487 
0.179737 

2.3 

0.861605 
0.177607 
0.410657 

--0.152445 
0.184973 

2.4 

0.857394 
0.178718 
0.415220 

- -  0.156246 
0.190040 

Table 8. Wave ]unctions/or the ammonium ion at R = 1.90 a. u. u is a k-term wave function o/ 
the ]orm Ze ,r  with the linear eoef/ieients given in this table and the non.linear parameter values 
given in Tab. 2. centre column. The value o / E  ~~ at the bottom o/each column is the total molecular 

C 1 

~2 

C 3 

ca 

e5 
EWt 

energ: 

v'l 

. . . . . . . .  1.000000 

. . . . . .  - -55.967464 

at R = 1.90 a. u. /or the wave 

0.990238 
0.139384 

--56.016755 

:unction indicated at the top o / the  column 

0.929680 
0.132273 
0.343802 

--56.162435 

0.918951 
0.129459 
0.352376 

- -  0.120836 

--56.195035 

% 

0.909361 
0.128771 
0.344961 

- -  0.122656 
0.149795 

--56.270152 

Table 9. Wave ]unctions for the borohydride ion at R = 2.20 a. u. T~ is a k-term wave function 
of the ]orm ~ci 4~ with the linear coe]/icients given in this table and the non-linear parameter 
values given in Tab. 3, centre column. The value o / E  TM at the bottom of each column is the total 

molecular energy at R = 2.20 a. u. for the wave function indicated at the top of the column 

C 1 . . . . . . . .  

C 2 . . . . . . . .  
C$ . . . . . . . .  

C A . . . . . . . .  

C 5 . . . . . . . .  
E tot . . . . . .  

1 . 0 0 0 0 0 0  

--26.182237 

0.977270 
0.211999 

- - 2 6 . 2 5 5 3 6 0  

0.889362 
0.186781 
0.417310 

--26.415341 

0.874850 
0.180346 
0.424378 

- -  0.148379 

--26.451283 

0.866003 
0.176187 
0.405763 

- -  0.148487 
0.179737 

--26.529622 

Table 10. Matrix elements between the component functions of the five-term ammonium ion wave 
]unction, at R = 1.90 a. u. (nuclear-nuclcar re 9ulsions inchtded 

4 1  I 4 2  ! 4 3  4 4  4 5  

41 . . . . . . . .  - -55.967464 - -  0.350178 - -  0.392499 0.210911 - -  0.459916 
42 . . . . . . . .  - -53.528965 - -  0.066269 - -  - -  0.078026 
4 a . . . . . . . .  - -55.075576 0.208583 - -  0.140465 
~A . . . . . . . .  i - -53.982808 0.t12217 
~5 . . . . . . . .  [ i i --52.995712 

Table 11. Matrix elements between the component functions of the/ire.term borohydride ion wave 
/unction, at R = 2.20 a. u. (nuclear-nuclear re 9ulsions included) 

41 . . . . . . . .  

r 2 . . . . . . . .  
48 . . . . . . . .  
4 ~  . . . . . . . .  

4~ . . . . . . . .  

4 1  

- - 2 6 . 1 8 2 2 3 7  

4 2  

- -  0.337084 
--24.701475 

4 3  

- -  0.345914 
--  0.048712 
--25.656333 

4A 1 45 

0.187257 ! - -  0.407722 
- -  - -  0.057944 

0.174900 - -  0.112572 

--24.846978 i 0.093011 
--24.177375 
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of each curve giving R 0 and E o. A l t e rna t i ve ly  one m a y  fit the  values of T I E  t~ to 
po lynomia ls  of the  fornl 

- - t  -+- a R  + bR  ~ + c  JR a §  ~ § eR 5 (3) 
o r  

- -  t q- a R  q- bR  ~ + c R a  (4) 

(the la t ter ,  once again,  b y  the  m e t h o d  of  least  squares) and  eva lua te  k f rom:  
k = - - E  o [d(Y/Etot)/dRJo/Ro and  R 0 as the  po in t  where T /E  tot = - - i .  These 
quant i t ies  are t a b u l a t e d  in Tab.  J2 and  13 as well as the  v ib ra t iona l  frequencies 
which are der ived  from the  expression k = 16 7~ emH v~ c 2. 

Experimental Values 
I n  Tab.  12 and 13 a number  of exper imenta l  values appea r  t ha t  require  some 

comment .  The equi l ibr ium in te rnuc lear  dis tances  have  been found f rom the  line 
b read ths  in the  N.M.i~. spec t ra  of the  a m m o n i u m  hal ides [13, 26] and  N a B H  4 [11]. 

Table 12. Predicted internuclear 5"-H distances (Ro) in a. u., breathing /orce constants (~) in 
redlY, ]requencies (vl) in cm -1 and equilibrium energies (Eo) in a. u. using the /our equations 
( 1 - 4 )  (see text.) respectively and the energy values/or the live N-H distances: 1.75, 1.85, 1.90, 

1.95, 2.0 a. u. 

equation 1 
equation 2 
equation 3 
equation 4 
observed 

R o ]c ~1 E0 

J.883 
1.890 
1.904 
J.904 
1.956 

33.2 
34.2 
32.4 
32.8 

3736 
3797 
3691 
3719 

> 3252 

--56.2704 
--56.2704 

--56.8415 

Table i3, Predicted internuclear B-H distances (Ro) in a. u., breathing ]orce constants (k) in 
md/~, /requencies (ul) in cm -1 and equilibrium energies (Eo) in a. u. using the ]our equations 
(1--4) (see text) respectively and the energy values/or the/ive B-H distances: 2.0, 2.1, 2.2, 2.3, 

2 .4a .u .  

equation 1 
equation 2 
equation 3 
equation 4 
observed 

R 0 k ~1 E0 

2.t97 
2.2tl 
2.228 
2.228 
2.370 

J7.0 
17.2 
15.5 

16.8 

2674 
2695 
2556 
2660 
2265 

--26.5296 
--26.5297 

--27.205 

Unt i l  t960 the  fundamen ta l  v ib ra t iona l  f requency  (vl) of the  a m m o n i u m  ion was 
t a k e n  to  be 3041 4- 2 cm -1, this  value  coming from inves t iga t ions  of the  t~aman 
spect ra  of 2VH4Cl [7, 21], however,  r ecen t ly  ~V[ATHIEU and FOULET [20] f rom 
the i r  work  on the  R a m a n  spect ra  of N H 4 P F  ~ have  suggested t h a t  for the  free ion 
vl is a t  leas t  as grea t  as 3252 cm -1. The value  of vl = 2265 cm -1 for the  boro- 
hydr ide  ion is t a k e n  f rom the  work of E~EI~u et al. on the  R a m a n  spect ra  of  
L i B H  a in l iquid ammon ia  [9, 10, 27]. 

The exper imen ta l  value  of the  t o t a l  molecular  energy of the  a m m o n i u m  ion 
( - -  56.8415 a. u.) can be ca lcula ted  from the  to ta l  energy of  ammonia ,  - -  56.5645 
a. u. [8], and  the  p ro ton  aff ini ty  of  ammonia ,  on which L A ~ r ~  and  FIELD [19] pu t  
the  lower l imi t  of 174 kcal /mole  (0.277 a. u.). 
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The hea t  of fo rmat ion  of the  borohydr ide  ion has been found  to be - -  23 
~- 5 kcal /mole  a t  298.16~ [1], this  value  toge ther  wi th  the  hea t  of fo rmat ion  

of hydrogen  a toms  and  the  hea t  of  subl imat ion  of boron [23] gives Ar429s.16 
--  328.56 kcal /mole  for the  reac t ion :  

B(g) § 4H q- e- = BH~. 

I f  i t  is assumed t h a t  the  difference in the  hea t  of this  reac t ion  at  0 ~  and  298. t6 ~ K 
is the  same as the  difference for the  reac t ion  

C ( g ) + 4 H = U H ~  

[6, 23] t hen  AH~ = - -  323.47 kcal /mole  or - -  0.515 a. u. The energy of boron is 
- -  24.657 a . u .  [22] and therefore  the  t o t a l  molecular  energy of the  bo rohydr ide  
ion is - -  27.172 a. u. To this  mus t  be a d d e d  the  zero po in t  v ib ra t iona l  energy,  
which is ca lcula ted  f rom E ~ Y  et al. [9] to  be 0.033 a. u. giving a final to ta l  
molecular  energy of  - -  27.205 a. u. 

Discussion 

The results  p resented  in th is  paper  are all comparab le  in accuracy  to  those  
compu ted  for the  me thane  molecule  [4]. The to t a l  molecular  energy of the  
a m m o n i u m  ion is be t t e r  t h a n  all previous  calculat ions save one [18] a n d  of  the  
borohydr ide  ion be t t e r  t han  the  one o ther  previous  calculat ion [12]. I t  is not  
surpris ing t h a t  the  wave  funct ion  of K~Avss  [18] should give a lower molecular  
energy for the  a m m o n i u m  ion; i t  contains  n ineteen basis orbi ta ls  compared  wi th  
seven in the  presen t  work, and  t h i r t y  one l inear  coefficients compared  wi th  five 
in the  present  work. Equ i l ib r ium bond  dis tances  are also close to the  expe r imen ta l  
values.  The non-degenera te  fundamen ta l  frequencies are wi th in  17% of  the  
exper imenta l  values  and  i t  is appa ren t  t h a t  for this  q u a n t i t y  the  spherical  wave  
funct ion [12] is be t t e r  t h a n  the  non-spher ical  wave  funct ion given here;  th is  
for tu i tous  phenomenon  was also found for me thane  [4]. 

I n  a recent  pape r  BISHOP et al. [5] have  calculated,  using a spherical  wave  
funct ion,  the  t o t a l  molecular  energy of  ammon ia  to  be - -  55.605 a. u. : in Tab.  8 
the  energy of 5TH+ for the  spherical  t e rm alone is given as - -  55.967. Consequent ly  
one can make  the  pred ic t ion  t h a t  the  p ro ton  aff ini ty of ammonia  is § 0.362 a. u.,  
a value  in agreement  wi th  the  exper imenta l  lower l imi t  of 0.277 a. u. [19]. 

Fina l ly  i t  is in teres t ing  to  note  t h a t  the  pa rame te r s  n and  n/~ follow changes in 
bond  dis tance  a lmost  exac t ly  in a l inear  fashion.  

I t  is a pleasure ~o acknowledge many useful discussions with Professor R. G. PAt~. This 
work was supportedby a research grant to Carnegie Institute of Technology from the American 
Chemical Society --  Petroleum Research Fund. 
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