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CHAPTER III

RESULTS AND DISCUSSION

The frequencies of the molecules are available from Nam
kamoto's bookaand are presented in Table 1, It can be seen

from Table 1 that ¥, of N'’H,*, NI}, SnH, and SnD, and ¥,

4 4 4 4
=2

of [WSG4I have not been observed,

dicted by the empirical plot method.

These valuas can be pree=

Table 1 Vibrational frequencies of tetrahedral molecules

(ca™t)

" Molecule Ve | e | vsey | v,
N14Hz 3?40 1680 3145 1400
ulsnz - (1646) 3137 1399
NDZ 2214 1215 2346 1065
NTZ - 976 2022 913
CH4 2917 - 1534 3019 1306
SiH# 2180 970 2183 910
GeHﬁ 2106 931 2114 819
SnH, - 758 1901 677

‘CD4 2085 1092 2259 996
8iD, (1545) (689) 1597 681
GeD4 1504 665 1522 596




Table I (Continued)
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Molecule D&(al) Vz(e) VB(f2) y4(f2)
SnD, - 539 1368 487
[wo, |~ s 513 833 320 |
[vs, 1" 460 (279) 480 195
A= 278 - 310 115
[WSe4§

Frequencies in brackets mean uncertainties,

3,1 Empirical plots (Figs. 2,354455,6)

By plotting v 's against the masses of the central atoms
or X atoms, in a series of MX.4 molecules, the unobgerved frequen=

. . Sect gt =
cies of ¥, (Nl H,, NT,, SnH,, SnD4) and ¥, {WSed] can be

predicted. They are listed belowsi-

Table 2 Prediction from plots

Molecule 1/1(cm-1) Vé(cmfl)
N15Hz 3032+10

NTZ 1893120
SnH, 1890%15
Snﬁé i§9dt15

[Wse,| 82,5t10

3,2 Product rule

By using equations (XII) and (XIII), the predicted frequen=

cies are listed in Table 3
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Fig.2 Emprical plot of NH, family.
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' Table 3 Prediction from product rule

Molecule Vl

N R 3040:3%" ?
v 1809:3%

sl 1900 2% *

s, 1362:2% *

3,3 Urey-Bradley force field (UBFF)

Using 4 observed frequencies (Table 1), 4 force constants

are calculated., They are listed in Table 4.

Table 4 Urey-Bradley BB ~oongtants (losdyne.cm-li
Molecule K H F F
NHZ 5.218 0.552 0,068 0.048
NDZ 54244 04555 0.142 0,056
CH, 4,725 0,500 0.081 0.033
SiH, 2,700 0.166 0,031 -0,029
Gell, 2,621 0,165 0,003 -0,016
oo, 4,784 0.450 0.094 0,029
51D, 2,776 0.171 0.014 «0.036
GeD, 2,664 0.168 0.005 ~0,017
! N

* baged on NHZ/ND+ . v, 0bs.=2214 and v, caled. = 2150. (Eq XII)
9
# usual % figures for product rule.




Table 4. (Cont:und) 69
Molecule K H F F
fwo,|= 4,887 0,162 0.821 -0,003
| W04
rus,|= 3,406 0.188 0,147 -0.004
L4

calculate Urey-Bradley force constants.

Using unobserved frequencies predicted by empirical plots from
Table 2 together with other three observed frequencies, we can

They are in Table 5.

Table 5 Urey-Bradley force constants (105dyne.cm._1)
/
Molecule X H P R
NTZ 50320 | 04450 0,262 0.039
1%&5* 5.264 04529 0.049 0,028
4
SI&'I4 2.150 On .&3 ‘409012 ‘05015
Sab, 2,200 0.112 «0,008 -0,015
T
[wse [~ 2.695 | 0.012 0,227 =0,012

Discusaion

The 4 force constants for each family are acceptable,

whos: Tebles 4,5 are ccompareds

3,4,1 The NHZ familys

show a slight increase as the hydrogen atom is substituted by

K's, the major force constants

heavier masses. This shows that the assumption of the product

rule in this case is not as good as usual. But the overall

pattern is acceptable. (Fig. T ).
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3,442 The CH)_and CD; families: All four force constants
decrease as the central masses and the bond lengths are increased,
esgs in CH, family, 1.480, 1.535, and 1.76 &’ (Fig.11). This is
physicallyrtasonable. As the.bond lengths are increased, so do
the non-bonded distances between the X atoms. It is not surprising
therefore, the strengths of K, H, F's become weaker, Whén K's
are plotted against U1, a‘smooth curve results for both

families (Figo 8,9)-

Further, the 2 sets of force constants (Table 5) for SnHy
SnDu are comparable, showing that the assumptions of the product
rule is indeed vzlid, which in turn indicates that the enmpiri:al

plot method is satisfactory.

3.4.3 The[ﬁ@d{z family: It is not as good as the other

families because the observed frequencies are not in the same

it}

r

sequence, e.g. for H 1,‘1 > 1)3 " 1"’2 > Yy

1
{"’Su} Y g Vag.o Vo< Yy
Nonetheless the major force constants, X, show é decrease
as the masses and bond lengths are (1.79, 2.17 and 2.32 f)_
increased (Fig. 12). Again, this is physically reasonablé; The

K ve. 14 plot is again a smooth curve (Fig. 10)




71a

3.5 Conclusion

This empirical plot method is applicable to other
9

symmetrical molecules”, It is particularly good for molecules
with hydrogen atoms, because the observed frequencies would
be high and therefore the % errors would be low. Comparing

table 2 and 3, it can be scen that the empirical plot method

is better than the product rule.
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