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1c4 Vibration-rotation spectra

Each line of the high resolution vibrational spectrum of a gas
phase heteronuclear diatomic molecule is found to consis
of a large number of closely spaced components (Fig. 11C.5
Hence, molecular spectra are often called band spectra. To
separation between the components is less than 10 cm™, whics
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Figure 11C.8 A high-resolution vibration-rotation spectrum ’
of HCl. The lines appear in pairs because H*Cl and H’Cl both
contribute (their abundance ratio is 3:1). There is no Q branch |
(see below), because AJ =0 is forbidden for this molecule. |
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suggests that the structure is due to rotational transitions ac-
companying the vibrational transition. A rotationsl change
should be expected bewause classically a vibrational transsion
can be thought of as leading to 2 sudden increase o decrease
in the imstantancown bond length. Just as e shaters rotate
more rapedly when they bring ther arms . snd more dowdy
when they throw them out. wo the molccular rotatus n ether
accelerased o retarded by a vibeanonal transe s

@ Spectral branches

A detalled analysis of the quantum mechanics of simultancous
vibeatbonal and rotational changes shows that the rotational
quantum number [ (hanges by 21 during the vibrational tran-
wton of & dusomic molecule 1f the molecule alse possesses
angular momentum shout its 235, 25 in the cane of the clec-
tronic orbetal snguler momentum of the molecule NO wih o
configeration . X', then the selection rules abvo allow V= 0.

The appesrance of the vibratson-rotation spectrum of 2
dutomi molecule can be discussed by using the combined
vibration rotation terms, 5:
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can be seplaced by the expression in ogn 1 1C. 40, and (/) can
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In a more detalled treatment, B is allowed to depend on the
vibrational state and written B .

In the vibrational transition ¢+ 1 «= ¢, ] changes by 21 and
in some cases by 0 (when A = 0 is allowed) The sbsorptions
then fall into three groups calied bramches of the specirum
The P heanch consts of ol transmsons with Y = -1
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This branch consists of lines extending to the low wavenumber
side of V at v « 200, v < 4B, ... with an intensity distribution
reflecting both the populations of the rotational levels and the
magnitude of the | - | « | transition moment (Fig 11C.9). The
Q branch consists of all transitions with A = 0, and s wave
sumbers are the same for all valoes of J
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This branch, when it s allowed (as in NOJL, appears #t the
vibrational transition wavenumber v. In Fig 11C N there is
a gap at the expected location of the Q branch because it is
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borudeedVmiolhvoad

The separation hetwoen the fimes i the P and K branches
of 2 vibestsensl iranstion grves the vakoe of B Therefore. the
boad length can be doduced in the same way s from micro-
wave spectra (Tops 118). However, the latter technigque gives
more precise bond lengths because microwave frequencies can
be measured with greater precision than infrared frequencies.

The ntvared shsorption spectrem of W e contasms & dand
armng fewen ¢+ + 0 & follows Srom e 1IN0 1N and the data =

Table 100 ) that the wovenumber of the e & the & branch
enginating frem the rotational sate weh /= 1w
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() Combination differences

A more detailed analysis of the rotational fine structure shows
that the rotational constant decreases as the vibrational quan-
tum number v increases. The origin of this effect is that the
average value of 1/R* decreases because the asymmetry of the
potential well results in the average bond leng:". increasin
with vibrational energy. A harmonic oscillator al S
effect because although the average value of

with increasing v, the average value of 1'R > does change (s
Problem P11C.13). Typically, B, is 1-2 per cent smaller than 5.

The result ofB being smaller than B is
(if it is present) consists of a series of close!
lines of the R branch conv verge slightl
of the P branch diverge. It follows from egn 11C.125

place of B
V,(J)=v—(B+B,)J-<(B-B)]
Vo(N=v+(B-B)IJ+1 (11C.14
7, () =V R+ RN DR B )+

To determine the two rotational constants individually, the

method of combination differences is used, which involves
sxpressions for the difference in the wavenumbers
s 10 2 common state. The resulting expression

then depends solely on properties of the other states.
As can be seen from Fig. 11C.10, the transitions v, (J—1)

and v.(J+1) have a common upper state, and hence the
difference between these transitions can be anticipated

to depend on B, From the _diagram it can be seen that
Vo (J=1)=v,(J+1)=5(0, ] +1)— S(0,J-1). The right-hand side
is evaluated by using the expression for S(v,]) in eqn 11C.12b
(with B, in place of B) to give

Ve (J-1)=V,(J+1)=4B,(J+1) (11C.15a)
Therefore, a plot of the combination difference against J+7
should be a straight line of slope 4B, and intercept (with the
vertical axis) zero; the value of B, can therefore be determined
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Figure 11C.10 The method of combination differences makes use
of the fact that certain pairs of transitions share a common level.

from the slope. The presence of centrifugal distortion results
in the intercept deviating from zero, but has little effect on the
quality of the straight line.

The two lines v, (J) and v, (J) have a common lower state,
and hence their combination difference depends on B,. As
before, from Fig. 11C.10 it can be seen that V()= (])=
$(1.7+1)=S8(1,7-1) which is

v.(])-v,(])=4B,(J+1) (11C.15b)

Brief illustration 11C.3

n\'ol\'ing only a few transitions. For 'H*CI,
v, (C —‘."'; 2)=626cm™, and it follows from eqn 11C.15a,

-2lculation

with J = 1, that B, 62 6/41+1)cm™=10.4cm™. Similarly,
vol-vs '. =60.8cm™, and it follows from eqn 11C.15b, again
with J= t B =60.8/4(1+%)cm™ =10.1cm ™. If more lines

:0cm™ and B =10.136cm™ are found. The two rota-

are :sei 10 make combination difference plots, the values
nstants differ by about 3 per cent of B,




