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Rotational transitions of NI and NDy in the 0.5-mm wavelength region
have been observed and measured by microwave techniques. For NDjy the two
inversion compouents of the J =1 — 2 transitions of BNDy and PNDy at
0.49-mm wavelength have been measured, and for NI the J = 0 — 1 transi
tions of UNH, and ®N1H; at 0.52-mm wavelength have been remeasured with
higher precizion. With /=0 -1 transition frequencies for NDy from previous
microwave measurements and with the centrifugal stretching constant 1> for
N Hs measured in the infrared region, these frequencies yvield the following
speetral constants (in Me/see): for UNDy , By = 154 17338, D, = 591, Dyx =
C1049; for BNDy, Be = 153 60097, Dy = 592, Dyx = —10.54; for "NIL,
Ba = 208 115.37; and for ®NHy, By = 297 388.12. The effective ground-state
structural dimensions for N1 are dxie = 10156 A and < HNH = 107°17/, and
the corresponding values for NDy are dxn = 1.0143 A and < DND = 107°4°,
Various substitution structures are also ealeulated.

Rotational transitions of NHy and ND;in the 0.5-mm wavelength region have
been observed and measured by microwave techniques. For NDj the two in-
version components of the ./ = 1 — 2 fransition of both "NDjy and XD, at
0.49-mm wavelength have been measured. Figure | shows an oscilloseope tracing
of the lower inversion component of the J =1 — 2 transition of YND, at 615
(ie/sec. When combined with the previous measurements of the J = 0 — 1
transition (1), the present measurements on ND; provide the first microwave
ralues of the stretehing constants Dy and Dyx . The J = 0 — 1 transition of both
“XH, and PXNH, at 0.52-mm wavelength was earlier measured in this laboratory
(1, 2). Unfortunately, an error of ~60 Me/see was made in the "N Hj line be-
wuse of an incorrect identification of the frequeney marker. We are indebted to
A. 1. Krupnov of the Radiophysical Research Institute at Gorky (US.S.R.)
for calling our attention to this error, which is corrected in the present measure-
ment. The value obtained, 572 112,75 £ 0.10 Me/see, is in satisfactory agree-
ment with that of 572 11144 Me//see which was obtained by Krupnov and his
associntes (3). Inaddition, the J = 0—1 fransition of "*N'Hj has been remeasured
to greater precision in the present work.

t Thix study was supported by the UL s, Air Force Office of Scientific Research Grant No.
AF-AFOSR-66-0493C
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“ND, ___ A-0.49mm

Fra. 1. Oscilloseope tracing of the lower inversion component of the ./ = 1 — 2 transition
BN DL at 615 Ge/zec.

TABLL 1
Measvrep Freguescress ror NHy axp NDy

Lower inversion Upper inversion Center frequency

component (Mc/sec) component (Mc/sec) (Mc/sec)

TN

/=1—=2.K =0 614 933.46 = 0.20 618 075.04 £ 0.25 616 504.25

J=1—-=2 K =1 614 967.54 4 0.20 618 124 .86 + 0.20 616 546.20
BN

/ =1—2K =0 612 800.86 £ 0.15 615 627.96 £ 0.20 614 214.41

J =1—2 K =1 612 836.04 £ 0.15 615 677.07 £ 0.15 614 256.56
BN

J=0—-1.K =10 572 49815 £ 0.15 396 133 .49+
N

S =0—-1.K =20 572 112,78 £ 0.10 594 680. 92«

* Obtained by the addition to the lower inversion component of half the sum of the in-
version splittings of the states ./ = 0. K = Oand J = 1, K = 0. Ree Ref. (1) and Schnabel,
el al .. Z. Physth 188, 167 (1965).

The submillimeter microwave power for these observations was generated by a
klvstron-driven eryvstal harmonic multiplier of the type deseribed previously
4). The measurements reported here were obtained with the 10th and 11th
harmonies of an ORI 55V11 klvstron, Deteetion was accomplished with a 1.6°
Ix InSb photoconducting detector obtained from Mullard, Ltd. The sample cell
consisted of a copper tube #3” in diameter and 1 ft long equipped with teflon
windows: the output of the ecell matehed the input Light pipe of the detector.
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TABLE 11

Sprerran ConsTants or NHy anp NDy

[sotopic species By (Mc/sec) Dy (Mc/sec) Dk (Mc, sect
1NH, 298 115.37 24 .31 —45.27¢
LN Hy 207 388.12 23,830 —46.62"
Ny 154 173.38 5.9 —10.49
Ny 153 600.97 5.92 —-10.54

< UNT, infrared values of D, and Dy from H. M. Mould, el al., Spectrochine. Acia 15,
313 (1959). Dy is used in the evaluation of By .

b NI, infrared values of Dy and Dyx from F. O, Shimizo and T, Shimizu, J. ol Spec-
trose. 86, 94 (1970). D, is used in the evaulation of By .

TABLIS 11

MoLECULAR DIMENSIONS OF AMvoNTa From Mickowave Varnves or [3,

Isotopic species Bond distance? Bond angle

Itfective ground-state strueture

BNH, , PNH; 1.0156 A 107°17"
N, L N, 1.0143 A 107°04°
Substitution Structure
BND,BND, , BNy 1.0136 A 107°04"
PNDy: N Dy, N H; 1.0137 X 107°04
MNTL BN H; L UNDy 1.0138 A 107°14’

BNH: 6N Hy , PN, 1.0138 A

107°147
o Caleulated by use of 8 (Me/see) = (505376 X 10°) /i (amu 121 Ree Goroy and Cook.,
“Microwarve Molecular Spectra,” (Wiley, New York, 1970).

Microwave power from the harmonie multiplier was directed through the sample
cell by means of @ metallic horn and a teflon lens. With thix spectrometer,
molecular rotational frequencies as high as 813 Ge ‘see (M = 0.3658 mm ) have been
measured (9).

The experimental results for NHg and N Dy are listed in Table 1. The quadrupole
hyperfine structure due to the "N nucleus contributes a broadening to the
J = 1 — 2 transition of "ND; and to the J = 0 — 1 transition of “*NH; but i
unresolved beeause of the large Doppler width. As a result, the estimated errors
in the line measurements for these isotopic forms are somewhat larger than those
for the N species. Rotational constants evaluated from these measurements
are presented in Table I1. Details of the caleulation of By for NHyfrom the <ingle
inversion component present for the ./ = 0— 1 transition are given elsewhere (1),
The speetral constants including the distortion constants for NDy =hown in
Table IT were calculated entirely from microwave measurements.

The molecular strueture of ammonia from microwave values of f3y was evalu-
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ated in the previous work (7). However, correction of the error in the value of
By for "NH, and improvement of the accuracy of the constant for the other
i1sotopie species here obtained justify a recaleulation of the strueture. The results
are presented in Table ITI. Specific procedures for the evaluation of the effective
eground-state structure and the substitution structure for ammonia were dis-
cussed in the previous work (/7).

Receiven: January 18, 1971
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