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1. Introduction 

Microwave Spedra of Molecules of Astrophysical Interest 

XII. Hydroxyl Radical 

Roben A. BeaudeT 

Department of Chemistry, University of Southern California, Los Angeles, California 90007 

and 

Robert L Poynter 

Jet Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena, California 91103 

The available data on the microwave spectrum of the hydroxyl radical are critically reviewed for 
information applicable to radio astronomy. Molecular properties such as the rotational constants, spin­
orbit, spin-spin and hyperfine coupling cons lams and cemrifugal distonion parameters employed in or 
derived from the analysis are tabulated. All the observed and predicted transitions of 060H, ~,OD, and 
DOH below 300 GHz and lower state energy levels less than 4000 cm- I are presented for the ground 
vibrational state. The laboratory data on IlOH is included, but no predicted transitions are presented 
due to thc limited data available. In addition to the transition frequencies the table contains the 

calculated line strengths and energies of the levels involved in the transition. An extensive bibliography 
of laboratory and astronomical studies of the hydroxyl'radical is presented as an aid to workers in both 
fields., 

Key word~: Hydroxyl radical: interstellar molecules: ,line strengths: microwave spectra: molecular 
properties: "radio astronomy. 
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1 . Introduction 

This study is one in a series of critical reviews of the 
available literature on the microwave spectra of mole­
cules of interest in radio astronomy. The tables include 
a refitting of the spectra of OH and OD to all the 
available data. Though little data are available on 180H 
most of the molecular parameters could be estimated by 
isotopic scaling of the known parameters in 160H and 
160D. The few most critical molecular parameters were 
then fit to the observed transitions. The data available 
on 170H are also included, but no attempt has been 

made to fit molecular parameters since very little exper­
imental data are available; however, the observed tran­
sitions have been included. All the observed and pre­
dicted transitions of l60H, 160D, and 11l0H below 300 
GHz are listed for the lowest vibrational state. Since 
OH has been observed in stars, a 4000 cm-1 limit was 
set on the lower energy level. 

© 1978 by the U.S. Secretary of Commerce on behalf of the United 
States. This copyright is assigned to the American Institute of Physics 
and the American Chemica] Society. 
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In order to prevent transcription errors, the tables of 

spectra have been directly reproduced from the com­
puter printouts. The literature has been searched up to 
September 1976 for both laboratory and astrophysical 
data relating to OH. The bibliography is more volumi­
nous than those of prior studies, but it was felt that a 
complete bibliography was advantageous to all workers 
in the field. 
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1.1. Molecular Parameter Tables 

The theory of the rotational spectrum of 2TI molecules 
has been described in the literature. Unlike the custom­
ary microwave absorption resulting from pure rotational 
transitions the OH spectra originate from transitions 
between the lambda doublets. The bulk of the theoretical 
studies on both NO and OH are pertinent to 2TI 
molecules. The theory as applied to OH was first 
presented by Dousmanis, Sanders, and Townes [1].1 
While these workers solved the Hamiltonian by pertur­
bation theory, we have numerically diagonalized the 3 x 
3 matrices containing the 2TI3/2 , 2TI1/2' and 2!1/2 states. 

Rather than using the method of Meerts and Dymanus 
[2] or Mizushima [3] to obtain more precise fits, we 
have depended on the expansion of the number of 
molecular parameters by including centrifugal distortion 

constants. We felt that such an approach is physically 
more meaningful though it is more intuitive. 

Thehyperfine structure of 2TI molecules was first 
treated by Frosch and Foley [4]. A more general 
treatment can be obtained by using Freed's method [5]. 
It was found impossible to fit all hyperfine structures to 
a set of parameters originating from the magnetic 

interactions unless a centrifugal distortion effect in the 
d term and a nuclear spin rotational term were invoked 
[6]. Second order hyperfine interactions could not ac­
count for these deviations. The Hamiltonian which was 
finally used is: 

'Je =;;e x + ;;e hf 

+ C(I·J). 

where the following centrifugal distortion terms are 
defillf~rl, 

For 160D, the additional electric quadrupole term,~q 
= -Q. VE was added [7]. 

J. "'Vi. Chem. Ref. Data, Vol. 7, No.1, 1978 

The parameters were fit by a least squares program 
which also gave the standard deviations in the parame­
ters and calculated lines [8]. The experimental data 
were weighted inversely by the square of the reported 
experimental errors. The molecular parameters resulting 
in the best fits for 160H and 160D are given in table 1. 
The parameters which were held fixed are indicated. 
The calculated frequencies were found to be insensitive 
to these parameters. The values employed were obtained 
by M. Geller [6] from a refit of the optical data [9,10]. 
These tables contain the standard deviations of the 
parameters derived from the least square fitting proce­
dure. The estimated error for any confidence level can 
be calculated by the usual techniques by assuming a 
student's t distribution [1l,12]. However, as many digits 
as necessary to reproduce the observed frequencies to 
within experimental uncertaintie~ have been kept, 

though we realize that these numbers are not significant 
according to the standard deviations. Also, table I 
contains the parameters for IHOH which were obtained 
by isotopic scaling of most of the parameters and fitting 
the five most sensitivie parameters, Ao, (ALy), (BLy), 
a, and d to the observed transitions. Such a procedure 
i~ necessary since very few transitions have been ob­

served. 

1.2. Microwave Spectral Tables 

The OH spectra observed in the microwave region 
originate from transitions between the even and odd 
components of the lambda doublets in the ground 2TI 
state. The J quantum number is identical for the two 
levels. The electronic states involved are the ground 
2TI3/2 and 2TI1/2 and the lowest excited 2!1/2 state. The 
two n states are essentially split about 140 cm- l by the 
spin orbit coupling in a Hund's case (a) approximation. 
Though the molecules are very light, the n = 3/2 and n 
= 1I2 states are significantly mixed by the rotational 
terms and the actual levels are intermediate between 
case (a) and case (b). The high J levels approach 
Hund's pure case (b). 

Interaction of the TI state with the excited ! level 
through the (!V4Ly/TI) or (!IBLy/TI) terms affects the 
even and odd levels differently to split the lambda 
degeneracy. Hence the energy leveb are be~t calculated 

by directly diagonalizing the 3x3 matrix for the even or 
odd symmetry levels of the 2TI 1/2 , 2TI3/2, and 2 !1/2 levels 
for each J value. 

The nuclear spin of hydrogen interacts with the 
electronic angular momentum through a magnetic inter­
action. With deuterium, there is also a nuclear quadru­
pole interaction. The F quantum number is the vector 
sum of I + J. The two levels are characterized only as 
upper or lower to avoid confusion about the meaning of 
the even and odd levels of the lambda doublet. 

Tables II, III, and IV contain both observed and 
calculated microwave "transitions in 16QH, 160D, and 
180H, respectively. Table V contains only the observed 
transitions of 170H. The uncertainties given for the 
observed frequencies are quoted from the original 
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sources. Those given for the calculated frequencies 
were derived from the variance-covariance matrix of the 
least square fit [8,l1J. 

The energy levels of the upper and lower states 
involved in each transition are also given. However, 
note that the lowest level is not zero but has a negative 
value due to the spin orbit coupling term. 

The line strengths given in the tables were obtained 
by calculating the dipole moment matrix in the diagonal 
representation which is intermediate between Hund's 
case (a) and (b). The line strength given is defined in 
the normal way as 

'2J" + I) 
5 (1' ,J") = ~ IJll2 L 1<F'J'M'IJlGzIF'T'M")i2. 

m',m.",G 

The relative intensities of the hyperfine elements have 
been included in the strengths. The treatment of these 
strengths have been described extensively [I3]. 

Calculated transitions with energy levels above 4000 
cm- 1 or frequencies above 300,000 MHz are not in 

cluded. 

1.3. List of Symbols and Conversion Factors 

B};, 
Bn 
DrIB 

Dcx,.Dcxcx 

D{3,D{3{3 

E'J:. 

a, b, c,·d 

F 

a. Symbols 

Spin orbit coupling constant 
(MHz). 

Rotational constant of 2, state. 
Rotational constant of 1T state. 
Centrifugal distortion correction 

to Bn. 
Centrifugal distortion correction 

to B};,. 
Off diagonal matrix element con­

tributing to the lambda dou­
bling. 

Off diagonal matrix element con­
tributing to the lambda dou­
bling. 

Centrifugal distortion corrections 
to (ALy). 

Centrifugal distortion corrections 
to (BL y ). 

Quadratic centrifugal distortion 

correction to A . 
Zero point energy difference be­

tween I1 and 2, electronic 
states. 

Electron spin-nuclear spin hyper­
fine coupling constants. 

Centrifugal distortion correction 
to the hyperfine coupling con­
stant d. 

Nuclear spin-rotation. coupling 
constant. 

Total angular momentum quan­
tum number including spin, F 
= I +J. 

1 Figures in brackets indicate literature references in section 1.5. 

I 
J 

Nuclear spin. 
Total angular momentum quan­

tum number excluding, spin, J 
= L + S. 

Component of the J angular mo­
mentum quantum number 
about the internuclear axis. 

Nuclear electric quadrupole cou­
pling constants for D cf. ref. 7 
for discussion of these terms. 

Electric dipole moment. 

b. Conversion Factors 

B(MH) _5._05_3_76_X_l_05 
Z = l(amu' A2) 

v(MHz) = 29979.25 ,\ -I (cm- I) 
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2. Hydroxyl Spectral Tables 

TABLE I. Molecular Parameters of 160H , 160D , and 180H .a 

Part A: Microwave Parameters of 160H , 1600 , and 180H . 

HiOH 1600 

979,826,OOOb 979,747,400b 

507,471. 7
b 270,817.0 b 

556,140.9 b 296,312.0 b 

-4,157,663.076 2:. 450 -4,165,275.463 + 2300 

376,653.4542 2:. 24 200,437.6893 + 79 

-1,534,291. 918 + 97 -1,892,097.323 + 751 

58.3519b 16.1417b 

. 61.4491b 17.2636b 

202.6695 + 0.091 27.0824 + 0.20 

80.87536 + 0.021 22.71912 + 0.018 

0.01638 + 0.0011 .0053539 2:. 0.0031 

0.0067654 ~ 0.0019 .0010828 ~ 0.000086 

-291.7691 + 21 112.4132 :!:. 37 

86.1118 + 0.0033 13.3051 + 0.00050 

-llG.280G + 0.016 -17.8G48 + 0.011 

130.2212 .: 0.019 20.1375 :!:. 0.011 

56.6550 .: 0.0036 8.7698 :!:. 0.00046 

0.022815 ~ 0.00020 0.0020301 .: 0.00017 

-0.099647 + 0.00079 -0.0080742 + 0.00022 

0.28496 + 0.0011 

-0.11889 + 0.0042 

180H 

979,826,000b 

504,122.4 b 

552,470.4 b 

-4,157,071.476 + 26 

374,164.503 2:. 1.1 

-1,539,412.716 2:. 4.6 

57.584 

60.641 

200.53 

79.4438 

0.0141 

0.00630 

-288.51 

86.1248 :!:. 0.0020 

-116.281 

130.22 

56.6664 ±., 0.0075 

0.02255 

-0.09929 

a. All units are MHz unless otherwise noted. As many digits h~ve been kept as are necessary to reproduce the 
obsI~ved frequencies within the ranqe of the experimental measurements. The vnfitted molecular parameters 
of OH were obtained by isotopic scaling of the parameters of 160H. 

b. Obtained from M. Gellel' who hos made 0. new riL ur Ltle uptical data. 

J. Phy •. Chem. Ref. Data, Vol. 7, No.1, 1978 



MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 315 

TABLE I. Mole'cular Parameters of 160H , 1600 , and 180H (continued). 

Part B: Other Parameters 

Electronic Vibrational Parameter Ref. 
State State, \! 

2 
OH 111/2 0 )J '"' 1. 721 T 0.029 0 71H 

11,= 1.732 + 0.02 D 65A 

1.66758 ~ 0.00010 D 73G 

)J = 1.657 + 0.05 0 7lH 

\l ;: 1.667 ~ 0.04 65A 

)J = 1.637 + 0.045 0 7lH 

2 0 1.66 ~ 0.01 D 658 
113/2 

]J ;: 

2;::+ )J ;: 1.977 + 0.084 0 7lH 

j.l = 2.22 + 0.44 0 71H 

00 2 
TI1/2 0 j.l = 1.695 + 0.032 D 7lH 

\l ;: 1.65312 ~ 0.00014 D 73G 

)J ;: 1. 646 :!:. 0.023 7lH 

p ;: 1.567 ~ 0.061 0 7lH 

0 )J ;: 1. 72 ~ 0.10 0 73J 

jJ ;: 2.159 + 0.076 D 71H 

0 eq Q :::: 0.18 + 0.10 MHz 76H 

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 
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12.5 12 12 13ulO7.xJ14( 2.7717) .0506 3312.51'72 .33tH~.1773 -< 

Z 
~ 
m 

12.5 L~ 1 '3 1,SO()72.r,70'H c.77(9) .0547 .3.312.5186 3308.179f) ;IU 

t2.S t2 1., 130031.3239( 2.7711) .Ot)02 35t2.':>t72 3~OH.119H 

15.5 , l. 1 3 15LJ727.bl6.3( 4.7670) ,(JOO1 .381U. 'liJ7Q 3805.58btj 

13.5 13 13 lSQb(;').9021( ~.7(12) ,U iHI4 3HI0."4b5 3805.5tHdi 

13.'; llJ 14 15l~b51.td9,H l!.7661J) ,0520 3HI0.7i~79 380S.S89.S 

1~.5 13 llJ 154bU9.H651( 4.7665) ,0001 3HIO.7iJ65 3805.5893 
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1.5 

I." 
1.5 

1.5 

2.5 

2.5 

2.5 

2.5 

3.5 

.$.5 

.~. S 

3.C, 

4.S 

4.5 

4.~ 

l!.5 

5.5 

5.5 

';.5 

5." 
6.5 

TABLE II. MICROWAVE SPECTRUM OF 160H IN THE GROUND VIBRATIONAL STATE (CONTINUED). 

f F U~StRVEO EST. CALCUlAfEO fST. 
U L FRtQUtNCY UNCEHT. Ft<f:tJlJENCY U\lCERT. 

2 

2 

2 

2 

3 

.3 

.3 

3 

4 

'-I 

4 

'-I 

5 

., 
5 

5 

6 

b 

b 

d 

2 

3 

r? 

Ib12.?~tU( .OOO~) 

16b5.4UIMl .U002) 

1 b 6 '1 .35 -QO" • U 0 0 2 ) 

1720.5300( .u002) 

bOlb.7abO( .0050) 

b030.747U( ,U050) 

Ib12.2309( 

Ibo5. ll019( 

Ibb7.3590( 

1720.5299( 

bOlb.7a7I( 

6030.7L15L1( 

3 b0.35.0Q20( .u050) 6035.0902( 

2 b II 1-' <1 • 0 g '-' u ( • 0 0 ~ 0 ) bOLl 9 • 0 H 1-\ b ( 

4 13QQ2.0S00( .0250) 13442.1U4H( 

3 1343L1.S960( .0100) 13434.6299( 

4 t3L141.3b50( .Ul00) 13041.4095( 

.~ 1~ '-I 35 • q 3 () 0 ( ,02" 0 ) 1 j Ll .s 3 • 9 j 4 7 ( 

5 2363H.9330( ,UI00) 23638,934H( 

it 2:>t\11.6t50( .0(20) 2.HH7.bI3b( 

5 2382b.6c?lO( ,0030) 2382b.6181( 

<4 238()5.2<HO( .OIOl)) 238U".29b9( 

b 3/o14.4200( ,0300) 37014.qll~3( 

5 3bYH3.4700( .0300) 3b9H3.Q9h7( 

b 3bQ94.4300( .u500) 3bq94.Ll235( 

5 5b963.'-IHUO( .(300) 3bqb3.50~q( 

527SQ.HQOO( ,u300) 527S9.9254( 

.00(2) 

.0002J 

.(002) 

.0002) 

.0030} 

.u009} 

.(010) 

~O(31) 

.uO'.>3) 

.0020} 

.0022) 

.OOS4) 

.0(68) 

.(022) 

.(026) 

.OOoq} 

.0099) 

.00(0) 

.00b2) 

.0091) 

.u14(1) 

LINE 
STRENGTH 

.1440 

.7198 

1.2956 

.1"ao 

.0389 

.5il46 

.7780 

.03.B9 

.ot53 

.lJ121 

.~342 

.0153 

.00'13 

• :3227 

.3900 

.0073 

.0040 

.2609 

.3091 

.0040 

.0024 

ENERGY LEvELS 
lJPPE.R lll~ER 

-37.9806 -38.03lt4 

-37.9806 -38.0362 

-37.9788 -38.03l.l4 

-3-' .9788 -38.0362 

1.15.8655 45.bb1.l8 

45.8655 1J5.btl lLS 

45.8661 (.45.66"8 

"5.8661 (.45.6643 

Ib".26H2 163.8198 

16(".2682 163.H20t 

164.2682 103.8198 

16' .... 2682 163.8201 

_~17.7067 316.9115 

31'1.7067 316.9122 

311.7063 316.9115 

317.7063 316.9122 

506.4629 505.2282 

506.4629 505.2293 

506.4622 505.2282 

506,4622 505.2293 

730.6361 728.8"762 

REF. 

72F 

72F 

72F 

72F 

68C 

75F 

75F 

68C 

75C 

75c 

75C 

75C 

75B 

75F 

75F 

7SB 

75B 

68B 

60B 

7SB 

75B 

~ n ,., 
~ 
< m 
CIt 

~ 
n .... ,., 
c 
~ 
o 
.." .... 
:J: 
m 
:J: 
-< 
C ,., 
e 
-< -
~ c 
n 
~ -

w -..0 
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=- rABLE II. MICROWAVE SPECTRUM OF OH IN THE GROUND VIBRATIONAL STATE (CONTINUED) . ~ 

'< 2 
0 

!" 
n 113/2 =-CD 

J F F UBSE:RVEO EST. CALCULATED EST. LINE ENERGY LEVELS REF 
~ 
lit' 
CD 

U L FREQUENCY UNCERT. FREQUENCY UNCERT, STRENG1H UPPER LuwER 
:" 
0 6.5 Q 

1 
b 0 52722.040U( .02(0) 52722.0551( .(119) .21()7 730.6361 728.8175 75B 

< 6.5 7 5273JJ.5bOO( .0200) 52734.59b8( .(119) .2504 730.6352 128.8762 75B 
~ 
~ 
z 6.5 t) 52b9b.7200l ,0300) 
p 

52b96,72b5( ,(146) .0024 730.6352 72a.8775 75A 

:' 
7,5 8 70888,1237 ( .0188) .0015 <190,1761 987.8115 

:0 
~ 
co 

1.5 7 10845.0HI0( .0200) 7 0 8 45-. I) 4 7 8 ( .0161) .18 iH 990.1761 987,8129 75B 

7.5 11 8 70858.q:~OO( .0200 ) 10858.926S( ,0160) .2088 990.1751 987.8115 75B ?U 
~ 

7.5 8 7 7081S.I:4S07( .0187) .0015 qqO.1751 987.8129 '" iT! 

> 
8.5 8 9 9 1 2 3 5 • 3 9 68 ( .0689J .0010 1284.9139 1281.8106 c: c 

'" ~ 
8.5 8 e 91188.2bOO( .1(00) 91188.3190( .0683) .1592 1284.<1139 1281.8722 76B > 

Z 

8.5 9 9 1:.J12u3.2200( .100U) 91203.295S( .0(82) .1781 1284.9128 1281.8706 76 B c 
:a 

8.5 9 ~ 9115b.2177( .0693J .UOI0 1284.9128 1281.8722 
r-

B 
9.5 9 10 113655.2643( .2285) .0007 lb14.5845 ltd (). 7934 

0( 

Z 
~ 

'" 
9.5 9 9 113b05.041b( .2284J .1398 1614.5845 1610.7951 

~ 

9.5 10 10 113b20.913b( .2284) .1546 1614.5834 1610.7934 

9.5 1. 0 4 113570.6909( .2290) .0007 Ib14.5834 1610.7951 

10.5 10 11 138011.3849( .5756J .0005 1978.8423 1974.2387 

10.5 10 10 137958.64S1( .5757J .1244 lQ78.8423 1974.2405 

10.5 11 t 1 137975.241b( .5757J .1363 1978.8411 1'~74.2387 

10.5 1 1 10 137922.50UH .5761 J .0005 1978.8411 1974.2405 

11.5 11 12 164172.2b23( 1.2294J .0004 2377.2717 2371.7955 

11 .5 1 1 1 1 lb4117.ij7b7( 1.229bJ • 1118 2377.2717 2371.7913 



TABLE II. MICROWAVE SPECTRUM OF 
16 

OR IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 
2 

[13/2 

J F F OtjStRVEIJ 1:..5T. CALCULATED f. ST. LINE E..NERGY LEVELS REF. 

II L FREQUt.NCY UNCEkT. FREQUENCY UNCERT. STRENGTH UPPER LOwER 

t 1. S 12 12 16413~1.652q( 1.2297) .1216 2371.2705 2371.1<155 ~ n 
:;10 

11.5 12 1 t Ib4079.8b73( 1.2300) .0004 2377.2705 2371.7<17.3 ~ » 
1~.5 12 13 192001.1002( 2.3541) .0003 2809.3942 2802.98Q5 < m 

VI 

12.~ 12 12 t<H951.2j04( 2.3544) .1014 2eOll.3942 2HU2.9914 ;R 
Q 
:;10 

280Q.3929 12.5 13 13 ttn 968, Hb21 ( 2.554l0 .10Q5 2802.Q/jQS c 
~ 

12.5 13 12 t91912,3930( 2.3548) .0003 2809.3929 2802.9~14 0 
"'" .... 

13.5 L~ 1u 2213Hb.b()22( lJ.1660) .0002 3274.6731 3267.21-\84 
::t 
m 
::t 
-< 

1.3.5 l~ t .3 22132H.7314( It.1663) .0927 3271.l.b731 3267.2904 c 
:;10 

0 
1.3.5 14 14 2213U6.7130( 4.16(3) .0996 3274.6718 3267.2~8" 

)( 
-< ,... 
:;10 

13.5 l4 1 3 22128A.8Ll22( 4.1661) .0002 3214.6718 32b7.2~Oll l> 
C 

~ n 
" ::r 14.S III 15 252175.7150( 6.'1421) .0002 Yl'T2.5167 376Q.l050 l> 
~ -
n 14.5 14 1 !.t 25t:!11b.6088C b.9424) .0853 3772~S167 3764.106Q :::r 

" ~ 
'" 1lJ.5 15 1':) 25213l1.9067( 6.(425) .OQ12 3712.5153 3764.1050 
" :" 
a 

14.5 15 ill 252015.H60S( 6.9428) .0002 3712.51~3 316l!.106Q D g; 
< 
~ 
:..a 
z 
p 
:'" 

:0 w 
.... w 
CD -
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." MICROWAVE SPECTRUM OF 16 0D lN THE GROUND VIBRATIONAL srATE . 
.-,) 

:T TABLE III. 
'< 2 r 

TIl/2 
FREQUENCIES ARE IN MHz; ENERGY LEVELS IN em-I. 

n 
:T 
II) 

J F F UUSERVEU E S r " CALCULATEO ES1. LINE ENERGY LEVEL.S REF. 
~ 

'" U L FREYUENCY LNCEHT. FREWUENCY LNCERT. STRENGTH UPPER LOWER 
III ,. 
0 .5 1 It 5 ,,5 3114.5294( .0010) 3114.529S( .OOOS) .1975 7q.278& 19.1747 73F t::I! 

1 
< .5 .5 .5 3093.6057( .0010) 5093.6054( .OOOS) .0241 79.2.779 79.1747 73F 
~ 
~ ..... 
z .5 1,,5 l.'=' 3ttt.141q( .U010) .s111.14It( .0005) .2469 7'1,2786 7'1.1748 73F 
~ 
.;'" 

.5 .5 t ,,5 3090.2163( .0010) 30'90.2167( .000,) ,,1915 79,2779 7C1.171.18 73F 
~ 
co 

S895.13St;( 1.5 1.5 .5 S895.1350( .0050) .0009) .0207 110,7936 110.SQ10 75F 

~ 
1.5 2 411 5 1.5 590b.7120( .0050) S9Vb.71U,c .0010) .0223 110./<140 110.5970 75F '!> 

UJ 

1.5 .5 .5 ~887.7ql0( .OO~O) 5887.71101( .0008) .0258 110.7934 110.5970 7SF m » c: 
1.5 ,

0
5 1.5 ~894.b800( .0050) 589£l.o"l8LJ( .000 1» .,0500 110.7936 110.5970 75F C 

m 
-t 

1 .. 5 2.5 2 .. 5 7SF » 
590b.215U( .0050) 590b.2132( .0(07) fI 11 71 110.79QO 110.5970 Z 

c 

1 .. 5 1",5 2.5 5~9Q.1790( .0050) 5894.1800( .0010) 111 02 23 110,1936 110.'5Q70 75F :v 
r 

1 .. 5 .. 5 1,,5 5881.d820( .0050) 58~7 .. 2827( .0009) .0207 110~7q34 110,,5970 75F ~ 
-< 
Z 

2.5 2 .. 5 1.5 ~118.7330( .0050)· 8118.7333( .uOl4) ,,006H 163.1654 Ib2.8946 7SF -t 
m 
;ttl 

2.5 3.5 2 e S B12R.QbiO( .. 0(50) tH2H.qb26( .(018) ,0070 ltd, 1658 Ib2.89LJ7 7 SF 

2.5 I .. S 1,5 BIIO.7170( .0050) 8\10.7171( " 00 1/:,) .O3~8 163.1652 162.8946 7 SF 

2~5 2.5 2.5 el18.U130( .U050) 8118.009tH .0010) .0501 163.1654 162.8q47 7 SF 

2.5 3.5 3.5 SicS.letO( .OOSO) 8128.1818( ,,0(18) 11 0 782 163,,1658 Ib2.SQQ7 75F 

2 .. 5 2 .. 5 3t1~ 8117.228U( .0050) t1117.22QO( .0018) .0070 163 0 \654 Ib2.8<Hl7 7 SF 

2.5 1.5 2.5 H10Q.9QQO( 90050) 8109 o Q931( .0016) .0068 163,1652 lb2.8q 1J 7 75F 

3.5 3.5 2 0 5 95~7.582q( .OO3t) .OO:H 23o.23Qa 23S.Q200 

3.5 tl .. 5 3.5 959'l,,172t3( .(035) .0032 236.2~Ol 235 .. 920() 



2rr TABLE III. MICROWAVE SPECTRUM OF 160D IN THE GROUND VIBRA1IONAL STATE (CONTINUED) . 
1/2 

.. J F F OBSERVED ES T. CALCULATED I:.ST. LINE ENERGV LEVELS REF. 

lJ L FREQUENCY UNCtHT. FREQUENCY JNCEkT. STRENGIH UPPER LuwER 

3.5 2.5 2,5 9S78.9000( ,u800) 9S78.9323( .0(34) .0353 236.2395 235.Q200 69F 

3.5 ~.5 3.5 q5~603200( .0800) 9S86.3128( .0026) .Olltt9 230.2398 235.Q200 69F 

3.5 4.5 4.5 QC)95.7400( .0800) q595.7S6~( .()0,~9) .0bOS 230,2401 235.'1201 69F 

3.5 3.5 4.5 Q58ll,8962( .0035) ,0032 230,2398 23'>.t?201 
~ 

3.5 2.1) 3.5 9517 ,6622 ( (0031) ,00.31 236,2395 235.Q200 n 
:=u 
0 

4.5 iJ III 5 3,5 10201.4374( .0086) ,0017 329.83 /.13 329.4940 ~ 
~ 
< 

4.5 5.5 4.5 1021().5669( ,0088) .0016 329,8341 329,4941 m 

'" ;:R 
4,5 3.5 3.5 10192.2100( .0800) 10t<~2.2233( .0089) .0337 32Q.8340 32Q,4Q40 69F n 

-I ,., 
4,5 4.S 4,5 lOlQ9.5bO()( .0800) 1019<i,S047( .0082) .0408 32<1.8343 32Q.lIQ41 69F 

c 
~ 
0 

lI.5 5.5 5.5 1020H.5000( .0800) 10208.lI84'1( .0093) .0514 329.8347 329.4942 69F 'TI 

-I 
X 
m 

4.5 4.5 5.5 101<n.u~2lH .0088) .0018 329,8343 329.4942 X -c 
0 

t.!.5 3.5 4.5 t0190.3S0b( .0086) 329.8340 329.4941 .0011 
,., 
0 
)( 

5.5 5.5 4.5 QQ2LJ.3f.107( ,0231) .0011 443.7542 1~43.4232 
-c -,., 

5.5 b.5 5.5 99.53.1301{ .(236) .0011 443.7546 443.4232 
~ 

!-
0 
n 

." :r » 
'< 5.5 4.5 4.5 9914.7000( .0800) Q91£1.7051( .0241) .0322 443.7539 443. 4 232 69F -!II 
n :r 

" 5.5 5.5 5.5 QQ21.Qc;,OO( .0800) '1Q21.941'1( .(234) .0378 Qq:S.7S42 Q43.4232 69F 
~ 
IIIIJ 
ID 5.5 6.5 6.5 9930,,4l!00( .0800) q93(1.4358( .0240) .0455 443.7546 443,4233 69F 
~ 

CI 
r:a 
,f 5.5 5.5 6.5 991 Q .2477( .0236) .0011 443,7542 4Q3.4233 
< 
!!- 5.5 4.5 5.5 Q912.2563( .0231) .0011 443.1S~~9 IHl3.4232 
,"'I 

z 
~ &.5 &.5 5.5 8763.009S( .05&6) ,0008 577.8024 577.5101 ,-
:0 6.5 7.5 6.5 811J.3qqq( .05(3) ,0008 571.8027 577.5101 w ..., ..., 
OIJ W 



~ TABLE III. MICROWAVE SPECTRUM OF 160D IN THE GROUND VIBRATIONAL STATE 
W 

2 
(CONTINUED) . t.) 

." 
J,l. 

:::r 111/2 ~ 
n J F F Ot3SERVEO EST. CALCULAfED EST" LINE ENERGy LEvELS REF. ::r 
CD U L FREUUENCY UNCERT. FREWUENCY UNCERT. STRENGTH UPPeR LOwER 
~ 
:III'J 

~ b.5 5.5 5.5 ~752.91.125( .0571) .030q 577.8020 577.5101 
c:::J 
a 
1 b.S 6.5 b,,5 81bO.0415( .. 0'563) .0355 577.8024 577.5101 
< 
~ b.5 7.5 7.S 81b8.1692( " 05bl.l) .0415 577.8027 577.5103 
.:"I 
z 
p b,,5 b.5 7.5 875b.8113{ .. 05(3) .0008 577.8024 571.5103 
:" 

:0 b.5 5.5 0.5 8749.9742( .0566) .0008 517.~O20 r;;7J ao 5101 ..... 
co 

7.5 7.5 6.5 b747.3b88( " 1186) ,,0005 731.7845 731.5594 
~ 

7,,5 8.5 "1.5 b755.439LJ( .1179) .0005 131.18LA8 731,5595 
.,.,. 
g:I 
m 

7\15 b.5 6.5 b73b.q988( .1191) .0298 731.7841 731.5594 l> 
C a m 

7.5 7.5 7.5 b7aJ.9451( .118 U .0336 731,.7845 1.31.55Q5 ~ 

» z 
7.5 8.5 8 .. 5 b75t.7502( .1178) .0385 731.7848 731,5596 a 

?O 

7.5 7,.'5 8.5 o740.25S9( .1179) .. 0005 731.78QS 731.5596 r-
." 
0 

7.5 6.5 7.5 b733.5751( .1185) .0005 731.78~1 731.5595 -< z 
~ 
m 

8.5 8.5 7.5 3918.0274( ,22IJS) .0004 905,5101 Q05.379'1 ;10 

8,,5 9.5 8.5 3925.8057( .2235) .OOOi.l 905,5105 <)05.37QS 

8.5 7.5 7.5 39U1.4208( .22'50 .0289 905.5098 905.3794 

8.5 8,5 8,5 391Q.20Q9( .2239) ,0321 90S.S101 90S.37Q5 

8.5 9.5 9.5 3921.7271( .2232) .0362 905,5105 905.37Q7 

8.5 8.5 9.5 3910.1313( .2235) ,00.04 905.5101 905.3797 

8.5 1.5 8.5 3903.6033( .224") ,0004 Q05.5098 905,37Q5 

9.5 q.S 8.5 318."41S( .3(37) .0003 10'16.7917 1098,7811 

C).S 10.5 9.S 325.9514( .392") .0003 10c)8.7921 1098.7812 



2iil/2 
TABLE III. MICROWAVE SPECTRUM OF 16 0D IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 

J F F OBSERVED EST. CALCULATED EST. LINE ENERGY LEVELS REF. 

lJ L FREQUENCY UNCERT. FREQUENCY UNCERT. STRENGTH UPPER L.OWER 

9.5 8.5 8.5 307.6522( .394L1) .027<1 1098.7913 1098.7811 

9.5 9.5 9.S 31tl.2854( .3930) .0308 tOCJ8.7917 1098.7812 

9.5 10.5 10.S 321.543S( .391Q) .0342 10Q8.7921 1098.7814 

9.S 9.5 10,5 309.877S( .392Q) ,0003 1098.7917 1098.7814 
~ 

9.5 8.5 9.S 303.49t,,1( .3931) ,0003 1098.7913 1096.7812 n 
:IU 
0 

10,5 9.5 10.5 4008.8221( .6513) .0002 1311.57bl 1311.4424 ~ » 
< m 

10.5 10.'5 11.5 "OOI.S590( .6497) .0002 1311.,5763 1311.4428 Vt 
"1lI m 

10.5 9.5 9.5 401Q,7507( .b5~2) .0271 1311.57bl 1311.4420 a 
;a 
c: 

to.5 10.5 10.5 4013.2b Q2( .650lJ) .0296 1311.5763 1311,4424 ~ 
0 
" 

10.S 11.5 11.5 400b.2460( .b49(J) .0325 1311.5764 1311.4428 .... 
% 
m 

10.5 11.5 10.5 4017,QS61( .6"97) .0002 1311.5764 1311,4424 % 
-< c 

10.5 10.S 9.5 4024.1978( • bS 12) .0002 1311,5763 1311.4420 :IU 
0 
)( 
-< 

11.5 10.5 11.5 9023.5970( 1.0297) .0002 1543,5751 15tl3.2741 .-
~ 

11.5 11.5 12.5 9016.5blb( 1.0277) .0002 1543,5752 1543,2745 c 
~ n 
." » 
:r- 11.5 10.S 10.5 9034.b303( 1.0307). ,02&2 1543.5751 15tl3.2737 

.-
'< 
!" 
n :r- 11,5 11.5 11.5 9028.2948( 1.0287) ,0284 1543.5752 1543.2741 • ~ 
:l1li 

1 1 .5 12.5 12.5 9021.4857( 1.02&8) .0311 1543.5754 1543.2745 • :"' 

" a 
11.5 12.5 11.5 9033.2189( 1.0277) ,0002 15u3.5754 1543.2741 1 

< 
~ 11.5 lL.S 10.5 9039.3281( 1.0296) ,0002 1543.5752 15tl3.2737 
~ .... 
z 12.5 11.5 12.5 14688,425S( 1.570(1) .0002 17Q4.5849 1794.0950 p 
:' W 

:0 12.5 12.5 13.5 14b81.b007( 1.5686) .0002 1794,5851 1794,OQ5" ...., 
.... VI 
0) 
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MICROWAVE SPECTRUM OF 160D IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 
to.) 

." 
2nl/2 

T.t\.BLE III . 
..,. 

:r 
~ 
n J F F UbS£RVEO E~T. CALCULATED £:.51, LINE ENERGY LEVELS REF. :r 
ID 

U L FREQUENCY UNCERT. FREQUENCY UNCERT. STRENGTH UPPER LOWER ~ ,., 
~ 
~ 

12.5 11.5 11.5 14699.5358( 1.5722) ,0254 t79a.5849 17q4.09~b 

Q 

'1 12.5 12.5 12.5 14693.3401( 
< 

1.5697) .0214 1794.5851 1794.09150 

~ 
~ 12.5 13.5 13.5 144686.7277( 1.5b7S) .0297 1794.5853 1794.09'54 
z 
0 

12.5 13.5 12.5 1794.5853 1794,0950 
~ 

14698,Ll671( 1.5680) ,0002 

~ 12.5 12,5 11.5 14704,450S( 1.5709) ,0002 1794,5851 t79a,09t16 m 

13.5 12.5 13,5 209b8.310B( 2.3294) ,0001 2064.407b 2063.7081 ?O 

13.5 13.5 14.5 209b1.btH7( 2,3266) .0001 2064,4077 20b3,7085 
.,.. 

'" m » 
13.5 12.5 12.5 20979,47bl( 2.3308) .0247 20b4.407b 2063.7078 c 

0 

13.5 13.5 13.5 20973.4142( 2063.7081 
!!I 

2.3280) .02b5 206".4077 » 
Z 

13.5 14,5 14.5 209bb,9834( 2.3253) ,0285 2064,4079 2063,7085 c 
?O 

13.5 14.5 13.5 20978.7159( 2.3266) ,0001 2064.4079 2063.1081 
r 

a 
13.5 13.5 12.5 209S4.579S( 2,329 10 .0001 2064.4077 2063.7078 -< 

Z .... 
m 

14.5 13.5 14,5 27830.2boo( 3.3741) .0001 2352.8380 23St.QOQ7 '" 
14.5 14.5 15.5 27823.8201( 3.3710) .0001 2352.8381 2351.9100 

14.5 13.5 13.5 27841.4b92( 3.3757) .0240 2352.8380 2351.90Q3 

14.5 14.5 14,5 27835.S353( 3.312b) ,025b 2352.8381 235t.90C17 

14.5 15.5 15.5 27829.273S( 3.3b94) .0274 2352.8383 2351.'H()O 

14.5 15.5 14,5 27840.9887( 3.3710) .0001 2352.8383 2351.90G7 

14.5 14.5 13.5 2784b.7380( 3.3741) ,0001 2352.8381 2351,90G3 

15.5 14.5 1'5.5 35242.8373( 4.7922) .000 1 265"1.6632 2b58.4877 

15.5 15.5 16,5 3523b.Sb22( 4.7886) .ooot 2bS9.b634 26SS.48el 



TABLE III. MICROWAVE SPECTRUM OF 160D IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 
2 

ITI/2 
J F f UBSERVE!) EST, CALCULATED EST, LINE ENERGY LEVELS REF. 

u L fREQUENCY UNCERT. FREQUENCY UNCERT. STRE.NGTH UPPER LuwER 

t5.5 11.1,5 11.1,5 3525l.1.0630( 4.7940) ,0232 2.059,0632 2658.4873 

15.5 15,5 15,5 352l.1B.2520( 4.79(4) ,0247 2659,6634 2658.4877 

15.5 10,5 10.5 35242,l482( 4,7869) ,0264 2659.6036 2658.4881 

15.5 1~.5 15.5 35253.8379( ll.788b) ,0001 2659,6636 2656.4877 
~ 

15,5 15,5 Ill,S 35259.4716( ll.7922) ,0001 2659.6634 2658,4813 n 
;IICII 
0 

16,5 15.5 Ib,5 ll3175,b665( 6,6910) ,0001 2984,6615 2983.2213 ~ » 
16,5 16,5 17.5 43169,5530( 6.(870) .0001 2984,6611 2983,22l7 

~ 
'" ril 

10.S 15.5 IS,5 43186.9035( 6.6930) .O2~6 2984.6615 2Q83,2209 n .... 
;IICII 
c 

Ib,5 16,5 16,5 43HH.2108( 6.(891) ,023Q 2984.6617 2Q83,2213 ~ 
0 

16.5 17.5 17,5 43175.2SbO( 6.(851) ,0254 2984,6618 2983,2217 
-n .... 
::t 
m 

t6.5 11.5 1 bit 5 4J18b,9138( b,(871) ,0001 2984,6618 2q83.2213 ::t 
-< a 

Ib.5 16,5 l5.5 43192.1i478( 0.&910) .0001 2984.6&17 2983,,2209 '" 0 
>< 

17,5 16.5 17.,5 51S99.13Q l( Q,20t4) .0001 3327,bOl0 3325,87~8 -< r-
;IICII » 

17.5 17,5 18.5 51593.1787( 9.1970) .0001 3327.b01.2 _~325. 8802 0 
~ n 
" l> 
:r- 17.5 Ib.5 Ib,5 51610 • .s779( Q.203&) .0219 3321.bOl0 j325.8795 r-

~ 
n 
:r- 17,5 17.5 17,5 51604,lq9S( 9.19931 ,0231 3327,6012 3325.8798 • 
~ 
:e 

17,5 18.5 18.5 51598,9858( 3321,60t4 3325.8802 ~ 9.1948) ,0245 
I:::J 
CII 

17,5 18,517,5 51610.60bb( 9.1971) 3327.&014 3325,8198 .f .0001 
< 
~ 
.~ 

17,5 17,51b.5 51blb.(}383( 9.2015) .0001 3327,6012 3325,8795 

z 18.5 17.5 18.5 b0484,1012( 12.4803) ,0001 3688,2398 3680,22~3 ~ .... 
(; 18,5 18.5 19,5 bO£l78.28bl( 12.4755) ,0001 3688,2400 3686.2227 

CAl 
to.) ... " I» 
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TABLE III. MICRJWAVE EPECTRUM OF 160D IN THE GROUND VIBRATIONAL STATE (CONTINUED) . ~ 

ITl/2 '1> 

F ENERGY Lt:VELS REF. '" J F ORSER'/EI) EST. CALCULATED EST. LINE m » u L FREQUEI.JCV IJNCEkT. FREQUENCY UNCERT. STRENGTH UPPER LUwER c 
c 
m 

18.5 17.S 17.S b04QS.3341( 12.4827) .0213 3688,23Q8 3686.2219 .... 
» z 

18,5 18,'3 18.5 6048Q.8bb4( 12.477Q) .0224 3688.2400 3686.2223 c 
?O 

t8,5 lQ,5 lQ.5 bOl.l8l.l.t873( 12.4731) .0237 3688.2402 3686.2227 : 

~ 
18.5 19.5 18.5 b04Q5.7670( 12.4755) ,000 t 3688,2-402 3blio.2223 -< 

Z .... 
m 

18.5 1l~.5 l7.5 b0501.0QQ:S( 12.4803) ,0001 3b88.2400 3&86.2219 :lID 



~ 
." :r 
-< 
!" 
n :r ., 
~ 

~ 
o 
a 
'1 
t 
.:"l 
z 
~ 
~ 

~ 

2 
JI
3j2 

J 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

TABLE III. 

F F 
U L 

1.5 .5 

2.5 1.5 

.5 .5 

1.5 1.5 

2.5 2.5 

1.5 2.5 

,5 1.5 

2.5 1.5 

3.5 2.5 

1.5 1.5 

2.5 2.5 

3 11 5 3,5 

2.5 3.5 

1.5 2.5 

3.5 2.5 

4,S 3,5 

2.5 2.5 

3.5 3.5 

4.5 ~.5 

3.5 4.5 

2.5 3.5 

MICROWAVE SPECTRUM OF 160D IN THE GROUND VIBRATIONAL STATE (CONTINUED). 

OBS£RVEO EST. CALCULATED EST. 
FREQUENCY u~CERT. FREQU~NCY UNCERT. 

317.3290( ,OOLJO) 

322.4800( ,0020) 

310.144S( ,0010) 

3 1 0 • 2 1'~ 7 ( • 0 () 1 0 ) 

310.3627( .(010) 

298.0Q70( ,(010) 

303.0320( ,0020) 

1194.3390( ,0(10) 

119b.OObO( ~0030) 

1190.5bS9( .0020) 

1190.7741( .0020) 

119t.l047( ,0020) 

1185.8712( ,0010) 

118b.998b( ,0030) 

2823.5328( .0020) 

2824.227b( ,(020) 

2822.0007( ,0020) 

2822.3883C .0020) 

317.3274( 

322.4803( 

31Q.1440( 

3tO.21SI( 

310.3b2b( 

298.0974( 

303.0318( 

1194.339(:)( 

119b.0073( 

1190.5652( 

1190.7739( 

1191.1039( 

1185.870S( 

118b.9Q9S( 

2823.5317( 

~82a.22b8( 

2821.9Q91( 

2822.3857( 

2822.9250( .0020)** 2822.927Q( 

2821.0857( .0020) 2821.08b8( 

2820.8514( .0020) 2820.8537( 

,,0007) 

.0005) 

.0003) 

.0 002) 

.0(02) 

.00(5) 

.0007) 

.0003) 

.0005) 

It 0004) 

(0004) 

.OOOLD 

.0004) 

.0004) 

.0006) 

.0006) 

.0006) 

.OOOS} 

.0007) 

.000 b) 

" OOOb) 

LINE 
STRENGTH 

.1751 

.1891 

.2189 

.4238 

.9929 

.1691 

.1751 

.0528 

.0539 

.2771 

.3882 

.6060 

0 0539 

.0528 

.0218 

.0220 

.2452 

.3123 

.4231 

.0220 

.0218 

ENERGY LEVELS 
UPPER LOWER 

-51.5596 -51.5702 

-'51.5592 -5t.SbQQ 

-51.5598 -51.5702 

-51.55Q6 -51.5699 

-51.5592 -51.5695 

-51.5596 -51.5b95 

-51.5598 -51.5b9q 

-5.1583 -5.1981 

-5.1581 -5.1980 

-5.1584 .. 5.1981 

-5.1583 -5.1980 

-5.1581 -5.1919 

-5.1583 -5.1919 

.. 5.1584 -5.1980 

59.9384 59.8442 

59.9385 59.8443 

59.9384 59.8442 

5'1,,9384 59.8443 

5'1.9385 59.8443 

59.9384 S9"B443 

5Q.9381.4 59.8443 

REF. 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

73F 

J: n 
:IU 
o 
~ 
< m 
tit 
." 
m 

!l 
'" c: 
~ 
o 
~ .... 
::J: 
m 
::J: 
-< 
C 

'" o 
>< -< r-

~ c 

~ 
r-

w 
~ 
-0 



MICROWAVE SPECTRUM OF 16 0D IN THE GROUND VIBRATIONAL STATE 
t.) 

!- TABL~ III. (CONTINUED) . t.) 

"D 2 - 0 

:r TI3/2 -< 
!" 
n J F F OBSERVED EST. CALCULATED EST. LINE ENE~GY LEVELS REF. 
:r 
41 lJ L FREQUE~CY U~CEHT. FREQUENCY UNCERT. ST~ENGTH UPPER LowER 
~ 
:II' ** 41 4.5 :" 4.5 3.5 5.~03.q.340( .(050) 5303.9421( ,0011) .0108 143.8228 143.6459 7SF 
c a 

4.S .!I 4.5 5.5 !)-304.3SYO( .0050) 5304.3544( .0011) ,0109 143.8228 143.6458 75F 
< 
~ 4.5 3.5 3.5 530'~.Ot50( .0050) S:J04.01b8( .001 it .2085 141.8228 143.6'~5q 7SF 
:-e 
z 
!» 4.5 4,5 4.5 5304.o000( .0050) 5304.6019( ,0010) .2524 1't3.6228 143,645t:' 75F 
~ 

:0 4.5 5.5 5.5 5305.3720( .00':)0> .... 53'05.3697 ( .0012) .3181 143.8228 143.6458 7SF 
CD 

't.5 4.5 5.5 5305.61 (h){ .0050) 5305.6172( ,001t) .010Q 143.82~8 143.6458 75F ~ 

4.5 .5.5 4.5 .0050) lQ3.8228 7SF 
'!> 

5304.b810( 5304,67&b( ,0011) ,0108 143.6458 '" m 
)-

5,5 5.5 4,5 d6l0,29Q&( .0025) .0061 246.5735 246.284l c: 
c 
m 
-4 

5.5 6.5 5.5 8b70.6848( ,0024) ,00b1 246.5735 246.2843 )-
z 

5.5 4.5 4.5 8b71.6000( .0800) 8671.57bO( .0025) .1773 246.5736 246.2843 69F c 
~ 
r-

5.5 5.5 5.5 8b72.3700( 8672.3b70{ 246.5735 69F .081)0) .0023) .2079 246.2843 
~ 

5.5 6.5 0.5 8673.3S()()( .0800 ) 8673.3604( .0025) .2506 246.5735 246.2842 69F -< 
~ 
m 

5.5 5.5 6.5 8675.01.l27( .0024) "OObl 24b.5735 240.28"2 
;Ig 

5.5 4.5 5.5 8b73.b484( .OO21J) .0061 246.5736 246,2843 

6.5 6,,5 5.5 12914.88ql( .0055) .0037 368.2459 ,367.8151 

b.5 7.5 0,5 12q15.3b~b( .0054) .0037 368.2458- 361.8150 

6,5 5.5 5.5 12917.0~OO( .0800) 12917.1019( .0055) .1522 368.2460 3b7,8151 69F 

6.5 0,5 b.5 12918.1300( .o~oo ) 129Ui.0952( .oosa) .1745 368.2459 361.8150 69F 

6.5 7.5 7.5 t2919.3300( .0800) 1291Q.3048( .0055) .2042 368.2458 367,814Q 69F 

b.5 6.5 7.5 12922.0314( ,0054) .0037 368.2l.!S9 3b7.8149 

b.5 5.5 6.5 12920.3081( .0055) .0037 _ 368.2400 361,81150 



TABLE Ill. MIC~OWAVE SPECTRUM OF 16 0D IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 

2 
II3/2 

J F F OUSf:HvEO EtiT. CALCULA1ED EST. l[Nf:. ENERGY LEVELS REF. 
lJ L FREIJUENCY UNCF.RT. FREQUENCY UNCERT. STRENGTH UPPER LOWER 

7.5 7.5 b.S HH)06.5372( .0104) ,0024 50811'8600 508.2659 

7.5 8,5 7.5 18007.1539( .0104) .0024 508.~664 508.2658 

7.5 6.5 b,5 U3009.1160()( .0800) 18009,4827( .Ot05) !t 13l2 508.8667 508.2659 69F 

7.5 1.5 7.5 18010.6300( ,0800> 18010.ob80( .0103) .1490 508.8666 508.2b'58 69F ~ n 
7.5 8.5 8.5 18012.1300( ,0800) i8012.0787( .0105) .170b S08.80btl 508.2656 69F ::Ia 

0 =: 
7.5 7.5 8.5 180l5,5928( .0104) ,0024 508,8666 508.2656 ~ 

< m 

7.5 6.5 1.S 180ll,6I3S( ,0104J ,0024 508.8b07 508.2658 '" "'a m 

!l 
8.5 8.5 7.5 23903.S682( .0153) .001b b68.432~ 667.6351 :;IG 

c 
~ 

8.5 9.5 8.5 23904.33Q3( .0153) .0016 668.4323 067.b349 0 
"" -I 

8.5 7.5 7.5 .0800) 23907.0987( 23907.()800( .0155) .1160 668.4325 667.6351 69F :J: 
m 
:J: 

8.5 8.5 8.5 23908. 1J 400{ .0800) 23908.4b20( .0153) .12QO b68.4324 6b7.634Q 69F -< 
C 
:;IG 

8.5 9.5 9,5 23910.()40U{ .0800) 23910,05b3( ,0155) ,l'l54 668.4323 667.,6341 69F 0 
>< -< r-

8,5 8,5 9,5 23914.1790( .0153) ,0016 o68.432t& 667,,6347 ~ c 

!- 8.5 7.5 8,5 23911.992"( .0154) .0016 668.4325 667.6349 n 
~ r-

"II :r 
9.5 9,5 6.5 30561.408S( 845.8924 ~ .0162) ,0012 846.9118 

n :r 
9,5 10,5 9.5 30562.3354( ,0162) 846,9116 845,8922 • .0012 

~ 
:IU 

~ 9,5 8.5 8,5 ~05bS.1.l200( ,0800) 305b5.4122( .016i.&) ,1028 846,9119 845.8924 69F 
0 
III 

'1 9,5 9.5 9.S 30506.'1S00( .0800) 30506.9378( ,0100] .1132 846.9118 845,8922 69F 

< 
0 
:- 9.5 to.5 10.5 ~0568.720u( .0800) 
~ 

30S68.b973( .0164) .1259 81..16.9116 845.8920 69F 

Z p 9,5 9.5 10.5 30573.2Q97( .0102l ,0012 846.9118 845.8920 
~ w 
;0 30Sl0,9'l14( 

c..) 

.... 9.5 8.5 9.5 ,0162) .0012 St&6.9119 845,8922 
ClD 



&.. 16 w 
TA3LE III. MICROWAVE SPECTRUM OF OD IN ~HE GROOND VIBRATIONAL STATE (CONTINUED) . ~ 

." 2 
, 

:r ]13/2 '< 
!" 
n J F f UHSERV£IJ EST. CALCULATED EST. LINE ENfRGY LEvELS REF. =-e 

U L FREQUENCY UNCEHT. FREQUENCY UNCERT. STRENGTH UPPER LOwER ~ 
:til 

~ 
c 

10.5 10.5 9.5 37q3b.3bI6( .0242) .0008 1044.? 1J 64 10~2.9810 
a 
it 10.5 11.5 10.5 '.J1931.4380( e02t.t2) ,,0006 1041~.2463 lO42.9t-308 
< 
~ 

10.5 q.S '1.5 69F 
~ 57QaO.7jOu( .0800) 3194().7528( .0245) .OQ20 1044.2466 1042.9810 
z 
0 

10.5 10.510.S 3'1942.4200( .0800) .0241) 1042.9808 69F 
~ 

.~ 7942. 42f~8 ( .1004 lO/.HJ.2464 

; 
10.5 11.51t.5 3791.J4.3500( .0800) 37944.~315( .0245) .1105 1 O/JIJ .24b3 lOl.li!.9aOb 69F .... 

CD 

to.5 10.5 11.5 37949.~183( .O242} .0008 104&.2464 1042. cHW6 ?D 

10.S 9.5 10.5 37940.81bO( .0242) ,0008 1044.2466 10~2.q808 
1> 
~ 
m 

11.5 11..5 10.5 459S7.t158( .0823) .000b 1260.3537 1258.81qa 
l> c 
10 
m 

tl.5 12.5 11.5 45<188. ,3315 ( .0822) .0006 1200.3535 1258.8195 
-I 

l> 
Z 

11.5 10.5 10.5 45 q 91 .82 B 3 ( .0824) .0829 12&0.3539 1258.,8198 c:r 
?" 

11.5 11.5 11.5 4S993.b3tO( .0822) ,0.8'1Q 1260.,,3531 12Sf:\.819S r 

~ 
tl.5 12.5 12.5 Q 5 9 q 5 • 6b 1 (H .082 /.-> ,0961 1200.3535 1258.8193 -c 

Z .... 
m 

11.5 11.5 12.5 QbOOO.<1b73( .0822) .0006 12&0.3531 1258.8193 ::lID 

tl.5 10.5 11.5 45998.3435 ( .0822) .00Ub 1260.3539 1258.81q5 

12.S 12.5 11.5 5~b75.0497( .21q3) .0005 1495.1286 1493.3049 

12.5 13.5 12,5 5401&.3930( ,21"3) ,0005 1,,95.1265 1493.30"0 

12.5 11.5 11.5 5/Jb80.0317( .2141.$) .0754 14q5.1288 1493.30lt9 

12.5 12.5 li.S Slt681.9504( .2tl.J3) ,0812 1"95.1286 1493.3040 

12.5 13.5 t:~.5 5"b84.10Jb( .2144) ,0860 1495.1285 1493.3044 

12.5 12.5 13.5 54bS9.6S90( .2143) ,0005 11.695.1286 14Q3.304IJ 

12.5 11.5 12.5 54686 ... 9321.l( .2143) ,0005 1495.1288 IIJQ3.304b 



2 TABLE III. MICROWAVE SPECTRUM OF 160D IN THE GROUND VI3RATIONA~ STATE (CONTINUED) . 

TI3/2 

J F F lJBSEf.'VED E.ST. CALCUI.A1ED EST, L[NE ENERGY LEVELS REF. 
IJ l FREQUENCY UN:ERT. F~EQUENCY UNCERT. STRE.NGTH UPPE.R LOWER 

/ 

13.5 13,5 12.5 bj9b3.98.33( .4597) .0004 111.48,4458 1740,3122 

11.5 14.5 15.5 b3965.4419( .4596) .0004 1748.4456 174b.31lQ 

11.5 12.5 12.5 63969. l <"/39 ( .4597) .0689 1748.4459 1746.3122 

13.5 13.5 13.5 b3971.2150( .4596) .013Q 1148.4458 1146.3119 
~ 

11.5 14.5 14.5 63<i73,l.l659( ,4597) ,0790 1748.4456 1746.311b n ,., 
IJ.5 13.5 IlJ,S 63979.2390( .4597) ,0004 1748.4458 1746.3116 ~ » 

< m 
13.5 12.5 13.5 b397b.4255( • 45<H>l ,0004 1148.4459 1746.3119 '" " m 

14,5 14.5 13.5 73819.7254( .8743) ,0003 2020,1607 2017.6983 n 
-t ,., 
c 

14.5 15,5 14,5 73821,2870( .8743) ,0003 2020.1605 2017,6980 ~ 
0 
"ft 

14.5 13,5 13.5 73825.1320( .8743) ,0634 2020.1608 2017,0963 -t 
:::t 
m 

14.5 14.5 14.5 73827.2428{ .8742) .0677 2020.1607 2017,6980 :::t 
-< c 

14.5 15.5 15,5 73829.5804( .87£fJ) .0725 2020.1605 2017.b978 
,., 
0 
>< 

PI.S 15,5 2020,1607 2017.b(H6 
-< 

14.5 73835.53bl( .8743) .0003 r-

~ 
11.1.5 13.5 14.5 13832.b49S( .8742) ,0003 2020.1608 2017,6980 c 

!- n 
" 

» 
:r 

15.5 15.'5 14.5 84209.S930( 2310.1111 2307.3022 
,-

'< 1.5311) .0002 
~ 

~ 
:r IS,S 16.5 15.5 Sl4211.24b2( 1,5312) ,0002 2310.1109 2307.30L9 t 
~ ,., 
~ 15.5 14,5 14.5 84215,l69tH 1.5311) ,0586 2310.1113 2307.3022 

'=' II 
,Q 15,5 15.5 15.5 84~17.~586( 1.5311) ,0623 2310.1111 2307.30L9 
( , 
:- 15.5 16.5 16,5 84219.770t;( 1.5312) ,Obb5 2310.1109 2307.3017 
,~ 

z 
15.5 15.5 10.5 84225.8833C 1.5312) 2310.1111 2307.3017 !' ,0002 

,'" 

ij 15.5 14,5 15.5 8Q222.9354( 1.5311) .0002 2310,1113 2307.30lQ '" '" '" 00 
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" TABLE III. MICROWAVE SPECTRUM OF lEOD IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 
w 

:r 2n3/2 
".. 

'< 
i" 
n J F F OBSERVED EST. CALCULATED EST. LINE ENERGY LEVELS REF. 
:r 
D U L FREQUENCY UNCERT. FREQUENCY UNCERT. STRENGTH UPPER LOWEH 
~ 
jg 
ID 

Ib.5 Ib.5 15.5 <";SlOl. cnQ4( 2.5226) .0002 2618.1182 2614.94'59 :c-
o 
12 

1 16.5 17.5 16.5 QS103.7131( 2.5226) .0002 2618.1180 2b14.94S7 
< 
~ 10,5 15.5 15,5 <";S107.7053( 2.5225) .O5~5 2618.1184 2614,9459 :" 
z 
1» 1&.5 16.5 lb,5 9510Q.Gbtb( 2.5226) ,0577 2618.1182 2b14,94S7 ,-
0 Ib.5 17.5 17.5 9S112.i.j37S( 2.5227) .0613 2618.1180 2614,94514 .... 
!XI 

J6.5 lb.5 17.5 9S118.6860( 2.5226) .0002 2618.1182 2614.9454 
~ 

16.5 15.5 lb,5 9S115,6814( 2.5225) .0002 2618,1184 2614.9457 .,.. 
OJ 

17.5 17.51b,5 106465.G9SS( .s.9b2b) .0002 2943,<";8b8 2<";40.4355 
m » c: 
CI 

17.5 18,5 17.5 lO6401.1QQS( i.9(27) .0002 2943.9866 2940.4352 m .... 
» 

17.5 10.5 tb.5 lO6471.8534( .s.9b2S) .0509 2943.9870 2940.435'5 
z 
CI 
~ 

17.S 17.5 17.5 10b474.1b74( 3,9h2b) ,0537 2943.98&8 2'H~O. u 352 !"'" 

~ 
-< 

17.5 18,5 18.5 lOb47b.6Q72( J.9628) .05b9 2943.98bo 2940.4349 Z .... 
m 
::a 

17.5 17.5 18.5 10b48J.O&SI( i.9b27l .0002 2943,·98&8 2940.434'1 

17.5 1b.S 17.5 10b480.025~( ).9625) .0002 2943.9870 2')40.4352 

18.5 18.5 17.5 118271.18Q7( 5.9898) .0001 3287.50hS 3283.5614 

18.5 19.5 18.5 118213.0S4S( 'i.9g9Q) .0001 3287.50b3 3283.5611 

J8,5 17.5 17.5 I1M217.1bS8( 5.9S9b) ,0476 3287.50b7 3283.5624 

18.5 18.5 18.5 1 U~21q.S286( 5.9898) ,0502 3287.5065 3263.5611 

18.5 19.5 19.5 118282.10l2( 5.9900) ,0529 3287.5063 3283.5608 

18.5 18.5 19.5 118288.S173( ~.989q) .0001 3287.5065 3283.Sb(J8 

18.5 17.5 18.5 118285.504J( 5.9896) .0001 3281.50b7 3283. '50.11 
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2 TABLE II::. MICROWAVE SPECTRUM OF l6 0D IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 

IT3/2 

J F F lIBSERVED EST. CALCULATED EST. LINE E.NE~GV LEVELS 
u L FRE:.QUENCY UNC~I~T • FREQUENCY UNCfRT. ST~ENGTH UPPER LUWER 

19.5 19.5 18,5 130487.::S37S( 8,1697) ,0001 3648.4520 361J4,09Q4 

19,5 t?0.5·19.5 ll04d9,2542( 8.16(8) .0001 3048.4517 3644,0991 

19.5 18.S 18.5 130"93.4203( ~,7bq5) ,0 ZHl8 3648,4522 3644,09<"14 

19.5 19,5 1~.5 1301.19S,8237( 8.7697) ,0470 l648,LlS20 3644.0QQl 

19.5 20.5 20.5 1304Q8.4349( ~. 7700) ,04Q5 3648.4517 3644.0986 

19,5 1<),5 20,S 130505,O(l4'H 8,71)98) ,OOot 3648,4520 3644.0988 

19,5 18.5 19,5 130S01.<)Ob5( 8.769'5) ,0001 36 11 8,4522 36 tHI, O<)q 1 

.~* 
These transitions wert calculated by using SUM RULES. 

REF. 

~ 
n 
OIU 
0 
~ » 
~ 
CIt 

;I 
n .... 
OIU c 
~ 
0 .... .... 
:x: 
m 
:x: 
-< c 
OIU 
0 
)( 
-< -OIU » 
c n » -

w 
w 
'" 
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MICROWAVE SPECTRUM OF' La OH IN THE GROUND VIBRATIONAL STATE. !II TABLE IV. 
n 2 FREQUENCIES ARE IN MHz i ENERGY LEVELS IN em-I. :::r n1/ 2 1\1 

~ ,., 
J F F C3S!:RVEO ZST. CALCULI\TED !::ST. LINE ENERGY LEVELS REF. 

~ U l FREQUENCY U~CERT. F REG U EN C Y UN C E R T • STRENGTH UPPER LOWER a a 
1 
< 

.5 0 1 1.f644.6500( .0060) 4G44.540C( .. 00 30) .1661 a1.1322 81.5773 74E 

~ 
~ .5 I I 4735.C73C( .eL6G) 413~.G7Z4 ( .De2G) .. 3333 87.7352 87.5773 74E 
z 
0 

;'" .. 5 1 0 4743.9710( .. 80501 4749.3192( .0030) .. 1667 37.7352 37 .5768 74E 

; .... 1.5 1 2 7746.6238 ( .0022) .0187 148 .. 6183 148.3599 (II) 

1.5 1 1 7758.3472( .. 002 2) .0937 143.6183 143.3595 ?!J 

1.5 2 2 7316. 756C ( .Ce2CJ .lE87 148.6201 1148.3593 
1> 
CI' 
m 

1.5 2 1 732:3.4795( .0021) .0137 148.6201 148.3595 
~ 
C 
C m 

2 •. 5 2 3 8167 .. 3315 ( .0021) .oc 62 249.2375 243.£651 
-4 

~ 
Z 

2.5 2 2 3134.3925( .. 001 9) .086 a 249.2375 248.9645 0 

?G 

2.5 3 3 323€.7585( .GC2S} .1239 249.2399 248.9651 r 

~ 
2.5 3 2 ·3256.4195( .. OC 21) .0062 249 .. 2333 243.9645 -< 

Z 
-4 
m 

3.5 3 4 55 9C • 8303 ( .0 [1 7) .OC3C 388.7511 388.5646 
;IU 

3.5 3 3 5614.2675( .0016) .0804 383.7511 338.5638 

3.5 4 4 5664. 7321 C .CCI8) .. 1042 388 .. 7535 388 .. 5646 

3~5 4 3 5638.1693( .001 7, .0030 388.7535 388.5638 

ft.5 f.J, 5 75.0279 ( .GGll) • DC 1 7 566.3647 566.3622 

4.5 4 4 lO3 .. J761( .0011) .0755 566.3647 565.3613 

4.5 5 5 15C.79G9( .CCll) .0927 566.3672 566.3622 

4.5 5 4 17 a ~!3 392 ( .0011) .OC17 566.3672 566.3613 



TABLE IV. MICROWAVE SPECTRUM OF 180H IN TEE GROUID VIBR~TIONAL STATE (CONTINUED) . 
2 
IIl/2 

J F F OBSERVED EST. CALCULATED EST. LINE ENERGY LEVELS REF. 
U l FREGUENCY UNCERT. FREGUENCY UNCERT. STRENG TH UPPER LOWER 

5.5 I) 5 8187.18ql( .10C1) .0011 781.6585 7 a1 .3854 

5.5 5 5 8155.5388 ( .1[C1] .0715 781.65'75 781.3854 

5.5 5 5 3I1C.2698( .10C1) .0847 781 .6'585 781.3880 ~ n 
5.5 5 6 a078.7245( .1C'Cll .OCl1 781.6575 781.388G :IU 

0 

6.5 1 6 i3988.2343( .20(3) .OOCB 1033.8414 1033.2080 ~ 
< m 

6.5 6 6 18954 .G647 ( .2 (e4 ) .0678 1(;33.8403 1033.2080 '" -0 m 

S.5 7 7 1891C.7114( .20C3) .0783 1033.8414 1033.2106 
!l 
:IU c 

6.5 6 7 1 8 87 6 • 54 1 8 ( .20(3) 
~ 

.00G8 1033.8403 1033.2106 0 
"" 

7.5 a 7 32141.3926( .2040) .0005 1322.3551 1321 .2830 
~ 
:x: 
m 

7.5 7 7 32105.8417( .2 CI.JC) .0644 1322.3539 1321.283C 
::r 
-c 
t:I 

7.5 8 3 32064.2358( .2033) .073C 1322.3551 1321.2856 e 
)C 
-c 
r-

7.5 7 8 32028.0848( .20391 .OGC5 1322.3539 1321.2856 ;:Ill 

l> 
t:I 

!- 3.5 ') 8 47486.2833( .3262) .0004 1646.6702 1645.0863 ti 
." » :r 
-< -!' 8.5 8 8 47448.616( ( .3264 ) .0612 1646.669C 1645.0863 
n :r 
II 

SI 3.5 9 9 474C8.5427( .3260) .0685 1646.6702 1645.0889 
:Ia 
II 
;00 8.5 g 9 4737C.875,4 ( .3262 ) .0004 1646.6690 1645.0889 
ICI 
G 

'1 9.5 10 9 64376.4143( .5227) .0003 2006.2614 2004.0973 < 
!!-

64837.566C( .:'" 9.5 9 9 .5229' .0582 2e06.2601 20G4.0973 
z p 

9.5 10 10 64198.3553( • 5224) .0644 2006.2614 200'1.0999 :--
ij w 

W 
DO ..... 
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MICROWAVE SPECTRUM CF l80H IN THE GROUND VIBRATIONAL STATE 
III 

(CONTINUED) . P TABLE IV. ,., 2:£ 
~ - 1/2 
a a J F F C35?:~VEO :5T. CALCl,JLATE:) :5T. LINE E:NERGY L!::VELS REF. 
1 
< U L FRE~UENCY UNCERT. FREGUENCY UNCE::'T. ~lqENGTH UPPER LOWER 
~ 
,:... ] .. 5 '3 10 o476C.J01C( .. 52 Z 5) .. 00G3 2006.2601 2004 .G 99:3 
z 
P 
~ 1 CoS 11 10 84178.2581{ ... 9639) .OGC2 240G .. 5911 2397.7833 
;0 
..... 10.5 10 1;::; :34138. 14722( • 36/i 1 ) .0555 2400.5893 2397.7833 (10 

10.5 11 11 341CC .. S899( • ~ 634 J .06C8 24GC.5911 2397.7858 ~ 

~ 
10.5 10 11 34'J61.~04C( .9636) G CDC 2 24CO .. 5898 2397.7853 CD 

m » 
11.5 12 11 1052£,2. 38!:-[ ( 1.6633) .OGe2 2829.G997 2825 ... 58 85 c 

t:J 
m 
-I 

11.5 11 11 1J5222.439f.J( 1.5635) .0529 282'3.0984 2325.SapS » -z 
c 

11.5 12 12 10518£.e8C1 ( 1.6627) .C575 2829.0997 2825 .. 5911 ?U 
!""" 

11.5 11 12 1~5145.5345( 1.6629) .0002 2829.0984 2825.5911 
~ 
-< 

12.5 13 12 1230C3 .. 5183 ( 2.SS47) • aCC2 3291.1977 3286.928e Z 
-t m 
:Ia 

L? 5 12 12 127152.3
'
Hl{ ~.3.3q8) .05:]5 3291.196'-1 3236.9280 

12 .. 5 13 13 127327.[,253 ( 2.8841J .0:,46 3291.1977 3286.9305 

12.5 LZ 13 127335.J512( 2.8843' .00e2 3.291a1964 3286.3305 

13.5 III 13 152272.32C5( 4.87(8) • OC C 1 3186.2~13 3781.182C 

13.5 13 13 15223C.0151( f.J.3110) .. 0483 37.96.2599 3731 .1820 

13.5 14 14 152196.27Z2( 4.87C2 ) .0519 3786.2£.13 3781.1845 

13 .. 5 13 14 152154.5668( tt.87C3) .. OGGl 3786.2599 3781 .. 1845 



TABI.E IV. MICROWAVE SPECTRUM OF l80H IN THE GROUND VIBRATIONAL STATE (CONTINUED) . 

2 
113/2 

J F F OBSERVED EST. GAlCULATEO [ST. L!:NE ::NERGY LEVELS REF. 

U l FREQUENCY UNCERT. FREGUENCY UNCEPT. STRENt? TH UPPER LOWER 

1.5 1 2 lS84.2740( .0020) 1S84 .. 2747( .0002) .. 144C -39.1505 -33.2034 74E 

1 .. 5 1 1 1631.564C( .. 0(;2G) .1637" 5643 ( .00C2) .. 7Z0C -38.1505 -38.2052 74E 

1.5 2 2 1639.5030( .;]020) 1639 .. 5C37( .. 00 0 2) 1 .. 2961 -38 .. 1487 -33 .. 2034 74E 
~ 

1 .. 5 2 1 1692.7950( .C(20) 1692.7933( .0 (. C2 ) .144C -38 .. 1487 -38.2052 74E n 
:m 

2 .. 5 2 3 5920.5QSO( .OD50} 5920 .. 501S( .. 00 33) .. 0 339 45.1785 44.9811 74E ~ » 
< m 

2 .. 5 2 2 5934.644C( .. OC6C} 533'-1 • ~5 34 ( .OCC9J .. 5'-15C 45.1785 44.S8C6 74E ~ 

~ 
2.5 3 3 533B.9670( .OG50) 5938.'3641( "COH)) .. 7736 45.1792 44 .. 9811 74E Q 

:::a 
C 

2 .. 5 3 Z 5953.1160( .CC4C 1 5953 .. 11£( ( .0 C 31 ) .0389 45.1792 44.98G6 74E 3: 
0 
'TI 

3.5 3 4 13237.3834 ( .. 0053) .0153 1£2.8389 162.3973 -I 
:I: 
m 

3 .. 5 3 3 1323C" 5685 ( .0(12GJ .. 4126 162.8389 162.3976 :I: 
-< a 

3 .. 5 4 4 13237.3031( .. 5348 162.83-89 162.3973 
:::a 

.002Z) 0 
>< -< 

3.5 4 3 1322S .. 98&2( .0 G 5~ ) .0153 162.8389 162.3976 ~ 

:::a 
)-

4 .. 5 4 5 23492.0382( .0068) .0073 315.3035 314.5199 c 
c- n » 
." -:r 4.5 4 4 2347(; .. 868£( .C0221 ,,3231 315.3035 314 .. 5 206 -< 
1" 
n 
:r 4.5 S 5 23479.J228{ • DO 25) .3965 315 .. 3G31 314.5199 CD 

~ 
~ 4 .. 5 5 4 23458.6532( .0063) .0073 315 .. 3(;31 314.5206 CD 
=" 
C a 5.5 5 6 36494.,5610 ( .1005) .004C 502.8522 501.6349 1 
< 
~ 5 .. 5 5 5 36463.880S( .10C2) .2613 502.8522 50 1.635 9 
.:"I 
z 5.5 6 5 36474 .. 7503( .1002) .. 3095 502.8515 501.6349 
~ 
~ W 
; W 
.... -0 
00 
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MICROWAVE SPECTRUM OF 18 0H IN THE GROUND VIBRATIONAL STATE (CONTINUED) . !" TABLE IV. 
n 2 :r • II3/2 
!if 
:II:! J F c OBS[QV::O :ST • CALCUL~TED EST. LINE ENERGY L~VELS REF. • :t-

U L FREGUENCY UNCERT. FRECUCNCY UNCERT. STRENGTH UPPER LC WER CI 
D 
i . 5.5 6 5 36443.3761( .10 OS) .004C 502.8515 501 .6359 < 
~ 
...... 6.5 6 7 52G4C.388~ ( .. 2 OLE J .0024 125.5849 723.8491 
z 
!' 

6.5 6 6 ~ 52002.G403( .2004' .2170 725.5849 723.8503 

:0 .... 6.5 7 7 52015.1322 ( .. 20C4 ) .2508 725.5841 723.8491 CIIt 

6 .. 5 7 6 51377.3840( .2005) .0024 725.5841 723.8503 ?D 
'!> 

7.5 7 8 6994 4 • 31 Gee .20D9 ) .OC15 983.4542 981.1211 ." m 
~ 

1.5 1 1 69901.3415( .2006) .1843 983.4542 981.1225 c 
c 
m 
~ 

1.5 8 8 6931!:.1738( .2 [} 06 J .2091 983.4532 981.1211 ~ 
Z 

1.5 9 1 69372.2054( .0015 983.4532 981.1225 
c 

.2009, ?D 

8.5 3 9 90044.8924 ( .3(,78) .00 10 1216.2948 
: 

1273.2913 
~ 

8.5 :3 a 3 9397 .9 C 8 9 ( .3077) .1595 1216.2948 1273.2928 
eo( 

Z 
~ m 
::IU 

8.5 9 S 9 G G 12 • 843" 2 ( .. 3 C 17 J .1783 1276.2938 1273.2913 

8.5 :3 a 39365.a 597 ( .3079' .0010 1276.2938 1273.2928 

9.5 9 10 112197 .. f-519( .4607 ) .OCG7 1603.8466 1600.1041 

9.5 9 9 112147.5120{ .4606) .140C 1603.8466 1600.1058 

9 .. 5 10 lC 112163.3464 ( .4605 ) .1549 1603.8455 1600.1G41 

9.5 10- 9 l.12113.2G65( .4609) .0007 1603.8455 1600·1058 

10.5 10 11 136268 .. 2844 ( .8315' .0005 1965.7695 1961.2241 

10.5 10 10 136215.0173( .8315) .1245 1965.7695 1961 --2259 



TABLE IV. MicROWAVE SPE~TRUM OF l80H IN THE GROUND VIBRATIONAL STATE (CONTINUED) • 
2 

113/2 
J F F OBSERVED ES T • ' CA LCUL~jEO EST. LINE [NE RG Y LE VE LS REF. 

U L FREGUENCY LNCERT. FRECUENCY UNCERT. STRENGTH UPPER LOWER 

10.5 11 11 136232~1813( .8315' .1365 1965.1683 1961 .2241 

IC.5 11 10 13617£.5142 ( .8318) .OGGS 1965.7683 1961.2259 

11.5 11 12 152121.!4 137 ( 1.4147) .OOC4 2361.6543 2356 .2463 
~ 
n ,., 

11.5 11 11 162072.6919 ( 1.4149) .1119 2 3b 1.654 3 2356.2481 C 
~ 
II 

11.5 ' ., -,,- 12 162089.a4C9( 1.4150' .1217 2361.6531 2356.2463 ~ 
III 

11.5 12 11 162035.11 SC ( 1.4152 J .0004 2361.6531 2356.2481 ~ 
!l ,., 

12.5 12 13 139647.D466( 2.5203) .0003 2791.0293 2784 .7034 c: 
~ 

12.5 12 12 1895 9(. (,321 ( 2.52G6 , .1015 2791.0293 2'78,..7053 
0 -n 
-4 
% 

12.5 13 13 13360E.2.432( 2.5206) .1037 2791.0280 2] 34 .1034 lit 

% 
~ 

12.5 13 12 IB9551.a29lt( 2.52(9) .0003 2791.0280 278,..1053 c ,., 
0 

13.5 13 14 21369E.3 537 ( 4.2843) .0002 3253.3655 3246.0105 ,~ -
13.5 13 13 21 864 ( • 53 1 8 ( 4.28'16) .0928 3253.3£55 3246.G124 

.~ 

0 
n 

1'3.5 14 14 21955 S .4 971 ( 4.2846' .0391 3253.3641 3246 .C70 5 ~ -
13.5 14 13 21aGC(.57~\2 ( 4.285L·) .OG02 3253.3641 3246.(724 

14.5 14 15 24315C.3838t 7.0451) .0002 3143.0791 3739.1684 

1'1.5 Itt 14 249C9l. 38[1 ( 7.0453) .0854 3148.0791 3139.11011 

14.5 1'5 15 2491S9.6073( 7.0454) .0913 3143.0178 3739.1684 

14.5 15 14 24905 ( • GG 36 C 7.(457) .0002 3748.0778 3739.1704 

w .. -



342 R. A. BEAUDET AND R. l. POYNTER 

TP,BLE V. MICROWAVE SPECTRur~ OF 170H IN THE GROUt\O VIBRATIONAL STIHE.a 

3/2 

TKANSITION THEORETICM. 

Fl Ft 
RELATIVE 

FU FL FREQUENCY, MHz INTENSITY REF, 
U 

3 5/2 -+ 2 3/2 13()2.1l9 0.047 74E 

7/2 -. 5/2 1322.464 C.067 74E 

3/2 -+ 1/2 14W.202 0.029 74E 

5/2 -+ 3/2 1455.729 0.052 74E 

~ 7/2 4 7/2 1624.51() 0.121 74[ 

9/2 ., 4 9/2 1626.161 0.153 7ilE 

7/2 -, 7/2 1656.542 0.043 74E 

:1 ;,/? ..,. 1 51? 1 h'i~ aqq n n'l? 74F 

3/2 "" 3/2 1683.540 0.020 74E 

1/2 1/2 1684.542 0.002 74E 

312 -+ 5/2 1902.093 0.052 74E 

3/2 3/2 1912.439 0.005 74E 

1 1/2 -> 3/2 1940.287 0.029 74E 

5/2 ~ 3 7/2 2008.354 0.067 74E 

3/2 7 5/2 2027.323 0.0t.7 74E 

7/2 9/2 2102.731 0.052 74E 

5/2 -. c 7/2 2117.800 0.040 74E 

J '" 1/2 

TRANSITION THEORETlCP.L 

F1 F1 
RELATIVE 

U FU L \ FREQUENCY, r~Hz INTENSITY REF. 

5/2 .,. 5/2 3980.229 0.106 74E 

7/2 -+ 7/2 4025.914 0.143 74E 

c. ':Jr~ ~ J 7(? 5473.0.32 0.185 74E 

2 3/2 -> 5/2 5523.435 0.130 74E 

5/2 - 5/2 57~6.505 0.52 74E 

3/2 3/2 5746.333 0.033 74E 

a The fo-;lowing coupling scheme was em:Jloyed: Fl J + 1
170

, 

J. Phyi. Chem. Ref. Data. Vol. 7, No.1, 1978 



MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 343 

T,l;BLE V. MICROWAVE SPECTRUM OF 170H IN THE GROUND VIBRATIONAL STATE (CONT.). 

5/2 2 .. 
Jl 3/'2 

TRANSITION THEORETICAL 

Fl 
RELATIVE 

Fl FU FL FR[QUENCY, MHz II\TENSITY REF. 
U L 

4 7/2 .. 5/2 5752.916 0.027 74E 

4 9/2 .. 3 7/2 5760.223 0.035 74E 

3 5/2 ~ 2 3/2 5851.057 0.025 74E 

7/2 + 2 5/2 5857.578 0.036 74E 

5 9/2 ~ 5 9/2 5914.960 0.115 74E 

5 11/2 .. 5 11/2 5918.956 0.140 74E 

2 3/2 ... 1 1/2 5931. 908 O. DIE 74E 

2 ~/? ... 1 :in 5938.801 0.030 74E 

4 7/2 7/2 5971. 048 0.061 7t.E 

4 9/2 .. 4 9/2 5974.374 0.077 7t.E 

1 3/2 ..,. 0 1/2 6005.626 0.018 74E 

7/2 7/2 6013.546 0.036 74E 

0 1/2 ... 1 3/'2 6114.Me 0.018 74E 

3/2 -, 2 5/2 6157.620 0.030 74E 

2 5/2 -; 3 7/2 6200.038 0.036 74E 

2 3/2 ... 3 5/2 6202.176 0.025 74E 

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 
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TABLE VI. MICROWAVE S;PECTRUM OF 
16 

OH IN ORDER OF FREQUENCY. 

ORDERED TRANSITION FREQUENCIES 
(OBSERVED TRANSITIONS INDICATED BY ASTERISK) 

CALC OR OBS EST. 
FREQUENCY UNCERT. J FU FL rI 

~8.950"( .0010)* 9/2 {J 5 1/2 
117.14Q5( .(010)* '1/2 5 " 1/2 
lb'J.74bll( ,,0010)* '1/2 4 4 1/2 
192.9QS7( .0010)* 9/2 5 ~ 1/2 

lo12.2310( .u002)* 3/2 1 2 3/2 
Ibb5.40HH .Ouu2J* 3/2 1 1 3/2 
1 b 67 " ~~ 5 9 () ( .00(2)* 3/2 2 2 3/2 
1720,,5300( .0002)* 3/2 2 1 3/2 
IJbbO.2420( • OO .. )()) * 1/2 0 1 1/2 
4750.b5bO( .(030)* 1/2 1 1 1/2 
47b5.5020( .OO~O)* 1/2 1 0 1/2 
54L19,,43bO( ,,0050)* 7/2 3 4 1/2 
5473.0450( .OOSO)* 7/2 3 .3 1/2 
5':>23.4380< .0(50)* 7/2 4 " 1/2 
5~4 7. (HJ20 ( .(050)* 7/2 4 3 1/2 
bU16.74bO( .(050)* 5/2 2 3 3/2 
b030.1 1nOl .(050)* 5/2 2 2 3/2 
bO.35.042u( ,,001)0)* 5/2 3 3 3/2 
bO Ll 9.0H'JO( .OOtiO)* 5/2 3 2 3/2 
771.l9.9090( ,U050)* 3/2 1 2 1/2 
77bl.7470( .(050)* 3/2 1 1 1/2 
7H~O.1250( .uO';O)* 3/2 2 2 1/2 
18.31.9b20( .(050)* 3/2 2 1 1/2 
bl1H.O-'lo( .(050)* r;,/2 2. 3 1/2 
Hl.35.I:nUU( .(050)* 5/2 2. 2 1/2 
IHe4.51170( .i)050)* 5/2 3 3 1/2 
8207.4t)2o( .(050)* 5/2 !> 2 1/2 
8So3.1572( .L1042) 11/2 5 6 112 
H'j34.8340( .0300)* 11/2 6 t> 112 
e580.1370( .0300)* 11/2 5 '5 112 
11011.822(:)( .(041) 11/2 6 ~ 112 
13433.~~OO( .0250)- 7/2 4 3 3/2 
134j4.54bU( .01uO)* 712 3 :3 3/2 
1.3441.3b50( .u1(0)* 712 4 4 3/2 
lj4"2..030u( .02')(,))* 7/2 3 'J 3/2 
19tJ81.l.31~7( .(118) 13/2 b 7 112 
1951b.b12Ll( .(100)* 13/2 7 7 112 
14501.~970( .02uu)* 13/2 h b 112 
19.,9b.1K7H( .Ul1b) 13/2 7 b 112 
2380S.2',nv( .0100)* 9/2 5 IJ 3/2 
23817.b150( .UO<:'O)- 412 4 4 312 
2382b.b~11)( "u030)* 9/2 S C; 3/2 
2383b.9330( .0100)* 9/2 4 5 3/2 
32e4·~. 4564 ( .03q~) 15/2 7 8 112 
32b79.7;?OO( .03(5) 15/2 B H t/2 
32921.2'50M( .OLlOtl) 15/2 7 7 l/2 
32957.5141J( .OLil)O) 1~/2 H 7 1/2 
36qb~.4dut)( .1J3uO)* 11/2 b '5 312 
3b~d3.~1()u( • () 300) * 11/2 5 '5 312 
3b Q9iJ.4';Ou( .1J5~JO)* 11/2 6 6 312 
3701Ll.i.l(?OO( 003(0)* 11./2 5 6 3/2 
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MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 345 

, .BLE VI. MICROWAVE SPECTRUM OF 16
0B IN ORDER OF FREQUENCY (CONTINUED) . 

4b41tJ.OO90( .1260) 17/2 8 9 112 
46453.777r!>( .1277) 1712- 9 q 1/2 
4849:).7757( .12~~) 17/2 8 8 112 
485.H .5445( .12~2) 1712 9 8 112 
52096.72uO( .0.300)" 1312 7 0 312 
52722..oIJOO( .(1200)* 13/~ 0 0 3/2 
52734.5oI)O( .020u)* 1~/2 7 7 312 
52159. B90() ( .v'3vO)* 1~/2 b 7 3/2 
00055. OH2t~ ( .3~02) 19/2 q 10 112 
66094.0228( .3360) 19/2 10 10 112 
06132."S78( • .33(8) 19/2 q 9 112 
bo171.59Hl( .33bS) 1912 10 q l/c? 
7(HH5.8:l07 ( .OUn) 15/2 b 7 312 
708~5.U81(J( .0200)" 15/2 7 7 312-
70858.9300( .0200)* 15/2 8 8 312 
708b8.1237( .O.1!:Hn 15/2 1 B 3/i. 
85024.3851( .7540) 21/2 10 11 112 
850b4 .. 2553( .7538) 21/2 11 11 112 
85701.ho14{ .7540) 2112 10 1U 112 
85741.5315( .7544) 21/2 1 1 10 112 
911Sb.2177( .0093) 1712 9 H 312 
91188.2bOU( .1000)* 17/2 8 8 312 
91203.22(JO( .10UO)" 17/2 9 9 312 
Q1235.3QbU( .068'9) 17/2 8 q 312 

106992. 89<H; ( 1.5084) 23/2 11 12 112 
lO7033.5233( 1.50ti2) 23/2 12 12 112 
lO7009.80Sq( 1.5090) 23/2 1 1 11 112 
107110.4289( 1.5088) 2312 12 11 112 
113570.b909( .22~O) 19/2 10 9 312 
113bU5.0~lb( .22ts4) 19/2 q q 312 
113b20.91~0( .2281.1) 19/2 10 10 312 
113655.2643( .2285) 19/c 9 10 312 
130031.32.39( 2.7711) 25/2 12 13 112 
1~OO72.570~( 2,7709) 25/2 13 13 112 
130107.8114( 2.1717) 25/2 12 12 112 
130149.0St;.~( 2.771tJ) 25-/2 13 12 1/2 
137922.5u18( .5701) 21/2 1 t 10 312 
131~58.0~')1( .5757) 21/2 10 10 312 
137975.241o{ .5751) 21/2 11 1 1 312 
13dOl1.3tH +9( .5750) 21/~ 10 1 1 3/2 
154609.8051( 4.7065) 27/2 13 14 1/·2 
1540S1.0393( 44.7b04) 27/2 14 14 112 
15I.1oM5.9021( 4.7672) 27/2 13 13 112 
151.1727.b7b3( 4.7b70) 27/2 14 13 112 
16 IJ 079.8073( 1,2300) 23/2 12 11 312 
164117.1J761( 1.2290) 23/2 11 11 312 
lo"13~.b529{ 1.2297) 23/2 12 12 312 
It)1.I1'72.2o2j( 1.2291.1) 23/2 11 12 312 
lqlq12.~930( 2.35q~) 2'i/2 13 1.2 3/2 
191951.2304( 2.3S4~) 25/2 12 12 312 
191968.8b27( 2.3544) 2512 13 13 312 
1~~OO7.71)l)c:'( ~.3~41) 2':J12. 12 15 312 
2212b8.h422( Ll,,1007) t!712 14 13 312 
22132R.7314( 4.1063) 2712 13 13 l/2 
2213~o.7130( 4.1663) 271.2 14 14 312 
2213b6.602~( 4.1060) 27/2 13 1tl 312 
25207S.8b05( 0.9428) 29/2 15 14 312 
252110.obBb( 0.9424) 29/2 11J 14 312 
252134.9U07( 0.9425) 29/2 15 15 312 
25217'f:J.715u( 0.9421) 29/2 14 15 312 
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TABLE VI:. MICROWAVE SPECTRUM OF 
16 

OD, 
18 

OH AND 1:0H 
TRANSITIONS IN ORDER OF FREQUENCY. a 

CALC OR OBS EST. 
FREQUENCY UNCERT. rl J FU FL FI 

U 
pi 

L ISOTOPE 

75.0279( • GO 111 1/: 9/2 'i 5 l80H 
103.01611 .0011) 1/2 9/2 'i ~ l80H 
15C.7S09( • CG 11 ) 1/2 9 I:? 5 5 l80H 
173 .. 9392( .0011) 1/2 9/2 5 14 l80H 
29a.C97C{ .C01C) 3/2 3/2 3/2 5/2 1600 
3C3.D320( .002e) 3/2 3/2 1/2 3/2 1600 
3C3.L49€1( .. 3~37) 1/2 19/2 11/-2 19/2 1600 
3C7.5S2:?t .3944) 1/2 19/2 1 712 1112 1600 
3C9.E77S( .3924 ) 1/2 19/2 19/2 21/2 IE 00 
318 .. 1445( .OOlC) 3/2 3/2 1/2 1/2 1600 
31G.21l;7f .OOlC] 3Ft. 3/2 3/2 3/2 16 00 
31G.3C27{ • C 01:: } 3/2 3/2 5/2 5/2 1600 
31Lj.2354( .393Cl 1/2 19/2 19/2 19/2 1E 00 
317.3'2::!C( .OG4C} 3/2 3/2 3/2 1/2 1600 
318.fl41S( .39371 1/2 IS/2 15/2 17/2 16 00 
321 .. S435( .3919) 1/2 13/2 21/2 21/2 1600 
3Z2.'1SC::::t .CGZ( 1 3/2- 3/2 5/2 3/2 1600 
325.9S14{ .3~24) 1/2 19/2 21/2 19/2 1600 

1185.8i12< .celL) 3/2 5/2 5/2 7/2 IE OD 
1195.9J85( .G03C} 3/2 5/2 3/2 5/2 1600 
119C.5f!i3( .CC2[} 3/2- 5/2 3/2 3/2 IE 00 
119C&7741{ .002[) 3/2 5/2 5/2 5/2 1600 
11~1.1C47( .C02C) :'12 5/2 7/2 7/2 1600 
1194.335C( .0 C: C) 3/2 5/2 5/2 3/2 160!) 
l1SE.CCEe( .C(,3[ 1 ?I'L 5/2 7/2 5/2 1600 
1302.11SG{ .G05C} 3/2 3/2 5/2 3/2 3 2 170H 
13Z::.l.fE4C( .(e5C) 3/2 3/2 112 ~,/2 3 2 170H 
1413.2CJZ:;( .GGSCl 3/2 3/2 3/2 1/2 2 1 170H 
1l.f55.723C( .C05~) 2/'- 3/2 5/2 3/2 2 1 170H 
1534.274:;( .OG2!:) 3/2 3/2 1 2 l80H 
1624.518CC .(C5~ ) 3/~ 3/2 7/2 7/2 tt 4 170H 
162G.l:;':J{ .OG3C) 31i. 3/2 9/2 9/2 4 4 170H 
1£37.~(4C( .CC2C) 31"t:. 3/2 1 1 l80H 
1633.5J3G{ .OO2~) 312 3/2 ~ 2 180H 
l(~·~·.I..!~sr( .CC:-Cl 3/2 3/2 5/2 5/2 3 3 170H 
1655.5i2::;( .!J~5:') 3/2 3/2 7/2 7/2 3 3 170H 
lE.83.~·L:C[ C • CC 5C ) 3/~ 3/2 3/2 3/2 "\ 1 170H .4 

1 ;; 9 4 .. 5 't:: J { .0::;5::;) 3/2 3/2 1/2 1/2 1 1 170H 
1E.92.7:::5.:,( .CC2C) 3/2 3/2 2 1 l80H 
19G2.0J3:{ .OJSG) 3/2 3/2 3/2 5/2 1 '2 170H 
1912.42£[( .ces[ } 3/2- 3/2 3/'L 3/2 ::. 2 170H 
134C.237:C .GGS:::) 3/2 3/2 lIZ 3/2 1 2 110H 
2(;[8.3:4:::;( .CC5C) 3/2. 3/2 ~/2 7/2 2 3 170H 
2027. 3~J:;( .O:J5C} 3/2 3/2- 3/;- 'i/2 2 3 17C'lH 
21[,2. 7·~lC( .ce5C} 3/'2- 3/L 7/2 9/2 3 '4 170H 
2117.3JQQ( .!JG5C) 3/2 3/2 5/2 7/2 3 't 170H 
2 8 2 [, • e :: 1 Lt ( .CC2C) 3/2. 7/2 5/2 7/2 1600 
2821 .. 0357( .GQ2~l ?'I'J 7/2 il2 9/2 lGCO 
2f22.C[C7C .CD2C) :'I't. 7/2 5/2 5/2 1600 
2322.33J3{ .uJ2G) 3/2 7/2 7/2 7/2 1600 
2822.?2SC{ .CC2() 3/t. 1/2 S/2 9/2 lE· 00 
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MICROWAVE SPECTRUM OF THE HYDROXYLRAIlICAL 

TABLE VII. MICROWAVE SPECTRUM OF l6 0D , l8 0H AND l70H 
TRANSITIONS IN ORDER OF FREQUENCY. (CONTINUED) 

CALC OR OBS 
FREQUENCY 

2823.5328( 
2824.2276( 
3C9G.2163( 
3093.5Q57~ 

3111.1414( 
3114 .. 5234{ 
39C3.6C33C 
39~7.42C3f 

391G.l313( 
3914 .. 2C93( 
3918.027t;( 
3921.7~71{ 

3925.e.C57( 
398D.229C{ 
I; OC 1.5598 C 

4D06.246:J( 
I;GC'B.8221( 
4013.2G92( 
lf017.9561( 
4C19. 7507 ( 
4024.1978( 
4025.9J.!lO( 
4644.E5CC( 
4135.073C( 
474S.~71C( 

53G3.9340( 
5304. CIS:; ( 
53GLi.359G( 
530Li.6GGG( 
530Li .. 63l!)( 
53G5.37~C( 
5305 .. 619!J( 
5473.032G( 
5523.4350( 
5590.83C3( 
St;14.2C75( 
5EE4.7321( 
56aa.15'J3{ 
5716.5C5GC 
574o .. 333C( 
5752.91EC( 
5760.223C( 
5851.C570{ 
SClS7.57BC( 
5887.2B2G( 
5887.14l0( 
5891;.119D{ 
5894 ... 6S:0( 
5895.135D( 
5906.2150{ 
590E;.712C( 

EST. 
UNCERT. 

.OG2C} 

.002e} 

.OGIC) 

.001C) 

.OOlC) 

.OG10) 

.224'1) 

.2251) 

.2235) 

.2239) 
• 221!=,} 
.. 2232) 
.22351 . 
.oosel 
.E4<:·7) 
.643C) 
.E5131 
.65[4) 
.E~S7) 

.6522) 

.E512) 

.0050) 

.CO€C) 

.OOGO) 

.005(;) 

.oose} 

.COSL) 

.DG5e) 

.DOSC) 

.OC5C) 

.OOS[) 

.. DOSe) 

.oose) 

.0050) 

.G011) 

.001!;) 

.C018) 
• G 01 7 ) 
.ces() 
.oose) 
.cose) 
.. 005[;) 
.005[,) 
.OOSO) 
.COSC} 

.• 005C} 
.cose) 
.ca50} 
.C:050) 
.0050) 
.cose) 

3/2 
3/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
lIZ 
1/2 
1/2 
1/2 
1/2 
lIZ 
1/2 
1/2 
3/2 
3/2 
3/2 
3/2 
3/2 
3/2 
3/2 
1/2 
1/2 
1/2 
1/2 ' 
1/2 
1/2 
1/2 
1/2 
3/2 
3/2 
3/2 
3/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 

J 

7/2 
112 
1/2 
1/2 
1/2 
1/2 

17/2 
17/2 
17/2 
17/2 
17/2 
17/2 
17/2 

112 
21/2 
21/2 
21/2 
21/2 
21/2 
21/2 
21/2 

112 
1/2 
1/2 
1/2 
9/2 
9/2 
3/2 
9/2 
9/2 
9/2 
9/2 
1/2 
1/2 
7/2 
7/2 
7/2 
7/2 
1/2 
1/2 
5/2 
5/2 
5/2 
51 :? 
3/2 
3/2 
3/2 
312 
3/2 
31:Z 
3/2 

7/2 
9/2 
1/2 
1/2 
3/2 
3/2 

15/2 
15/2 
17/2 
1 7/2 
17/2 
19/2 
19/2 

5/2 
21/2 
23/2 
19/2 
21/2 
23/2 
19/2 
21/2 

712 
o 
1 
1 

9/2 
7/2 

11/2 
9/2 
712 

11/2 
9.12 
5/2 
3/2 

3 
3 
'+ 
4 

5/2 
3/2 
7/2 
9/2 
5/2 
7/2-
112 
1/2 
3/2 
3/2 
3/2 
5/2 
5/2 

F 
L 

5/2 
7/2 
3/2 
1/2 
3/2 
1/2 

17/'2 
15/2 
19/2 
17/2 
15/2 
19/2 
17/2 

512 
23/2 
23/2 
21/2 
21/2 
21/2 
19/2 
19/2 

712 
,1 

1 
G 

7/2 
7/2 
9/2 
g/2: 
'3/2 

11/2 
11/2 

712 
5/2 

4 
3 
I; 

3 
5/2 
3/2 
5/2 
7/2 
3/2 
5/2 
3/2 
1/2 
5/2 
3/2 
1/2 
5/2 
3/2 

F' 
U 

3 

3 

2 
2 

2 
2-
4 
4 
3 
3 

F' 
L 

3 

3 

3 
3 

2 
2. 
3 
3 
2 
2 

ISOTOPE 

1600 
1600 
1600 
1600 
16'00 
160D 
If,OD 
160D 
lEOo 
1600 
1600 
1600 
16 00 
170H 
1600 
16·00 
1600 
1600 
1600 
1600' 
16 CO 
110H 
l80H 
l80H 
l80H 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
110H 
ITOH 
leaH 
1 SOH 
laCH 
l80H 
170H 
110H 
170H 
170H 
170H 
170H 
1600 
1600 
1600 
1 GOD 
1600 
160C 
160r 

34.7 
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348 R. A. 81;AUDET AND R. L POYNTER 

TABLE VII. MICROWAVE SPECTRUM OF 16 0D , 180H AND 170H 

TRANSITIONS IN ORDER OF FREQUENCY. (CONTINUED) 

CALC OR OBS EST. 
FREQUENCY UNCERT. Q J FU FL F' 

U 
F' L ISOTOPE 

591'1.96[,[,( .005[:) 3/2- 5/2 9/2 5/2 5 5 170H 
5918.9560( .005e) 3/2 5/2 11/2 11/2 5 5 170H 
592G.5C5Cf • C 0 5( ) 3/2 5/2 2 3 180H 
5331.9080{ .0050) 3/2 5/2 3/2 1/2 2 1 170H 
5934.6440( .COE() 3/2- 5/2 2 2 180H 
593a.9010{ .005t) 3/2 5/2 5/2 3/2 2 1 170H 
5938.967( .. OOSC) 3/2 5/2 3 3 l80H 
59S3.1160t .OO4C) 3/2 5/2 3 2 180H 
5971.C48C( .COSC) 3/2 5/2 7/2 7/2 4 4 170H 
5374.374G( .005e) 3/2 S/2 9/2 9/2 4 4 110H 
ECC5.E2E;C( .cose} 3/i. 5/2 3/2 1/2 1 0 170H 
601J.S'+GC{ .GG5C) 3/2 5/2 7/2 7/2 3 3 170H 
6114.E48C( .GOSO) 3/2 5/2 1/2 3/2 a 1 170H 
o157.6~aC( .COSO) 3/2 5/2 3/2 5/2 1 2 170H 
G2CO.C38CC .C05C} 3/2 5/2 5/2 7/2 2 3 170H 
6Z0Z.1760( .Gose) 3/2 5/2 3/2 5/2 2 3 170H 
6-733.5751( .11851 1/2 15/2 13/2 15/~ 1600 
6736.3gga( .1191) lIZ 15/2 13/2 13/2 1600 
674G.2559( .1179 ) 1/2 15/2 15/2 17/·2 1600 
67'+3.'3'+51( .11:91) 1/2 1 !:ill 15/2 1::;/2 1 GOD 

6747.3£38( .1186 ) IlL 15/2 15/2 13/2 1600 
6751.15G2t .1178) 1/2 15/2 1 7/2 17/2 1600 
6755.1.J39'1( .11 7~) 112 1!:/2 17/2 15/2 1600 
7746.623.3( .0022) lIZ 3/2 1 2 1 SOH 
7758.3472( .CG221 1/2 3/2 1 1 l80H 
78lS.7550( .0026) 1/2 3/2 2 2 1 aOH 
7828.4735( .G0211 1/2 3/2 2 1 l80H 
8073.'7245{ .1001) 1/2 11/2 5 6 leOH 
8109.S94C( .COSC) 1/2 5/2 3/2 5/2 lE aD 
811C.2G33( .1001) 1/2 11/2 6 6 laOH 
811C.717C( .DG5C) 1/2 5/2 3/2 3/2 lE 00 
3117.22E;O( .OOSC) 112 5/2 5/2 7/2 1600 
8118.013C( .cosel 1/2 5/2 5/2 5/2 1600 
811B .. 733G( .oose) 1/2 5/2 5/2 3/2 1600 
E-128.181C( .OOSC) 1/2 5/2 7/2 7/2 1600 
8128.961C( .oose) 1/2 5/2 7/2 5/2 1600 
8155.6388( .10Cl) 1/2 11/2 5 5 leOH 
8167.331S( .. G021) 1/2 5/2 2 3 180H 
8184.992S( .G01S) 1/2 5/2 2 2 180H 
81a7.13Ltl( .1001) 1/2 11/2 6 5 1 BOH 

8238.758SC .0025) 1/2 5 I~ ! 3 l80H 
3256. tH9S( .G021) 1/2 5/2 3 2 180H 
8670.2946( .GG25) 3/2 11/2 11/2 9/2 1600 
3610.6!P+3( .002 1., 3/2 11/2 13/Z 11/:2 1 bOD 
8671.60CO( .C8CC) 3/2 11/2 5/2 9/2 1600 
8672.3100( .O-SGC) 3/2 11/2 11/2 11/2 1600 
8673.35CG( .C8CC) 3/2 11/2 13/2 13/2 1600 
B673.5qa4( .00214) 3/2 11/2 '3/2 11/2 160D 
8675.0427( .G02'1) 3/2 11/2 11/2 13/2 1600 
8749.97421 .0566) 1/2 13/2 11/2 l3/2 1600 
8752.9425( .G5711 1/2 13/2 11/2 11/2 1600 
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MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 

TABLE VII. MICROWAVE SPECTRUM OF 160D , 18 0H AND 170H 
TRANSITIONS IN ORDER OF FREQUENCY. (CONTINUED) 

CALC OR OBS 
FREQUENCY 

875£.8113( 
3750.!J415{ 
87E3.CGS8( 
3768.1592( 
8771.3S94( 
'3G15.551S( 
9C21.4~57( 

9023.597:;t 
9G28.2948( 
3033.2133{ 
9034.63C3( 
3C39.3231t 
~577.6E2:( 

9573.90:::S( 
9584.8S£2C 
3586.320:: { 
:J587.=5Z~( 

3595.74CC( 
95Si.1728{ 
9912.25C3( 
:J91 .... 7DGO{ 
3919.2477( 
9921.95CO{ 
9924.3J07{ 
993G .. 44('C( 
3333 .. 13Cl{ 

l019C.35C5C 
lC192.21GC{ 
1C197.482Lf( 
IG133.5S0Q( 
lC2Cl.4:74 C 

IG2C3 .. 5C::;Q( 
lC21C.5E69( 
12914.3D:31( 
12915.3£8G( , 
12917.0900{ 
12918.13CG( 
12913.33CO( 
1292G .. 3CS':( 
12922.C314{ 
13;Z2:3.~8c~( 

1323!J.5G35( 
13237.3C31( 
13237 .. 3J34( 
14E·81.ECG7( 
14686.727;( 
14628.ll::S5C 
14693.3-iCl< 
lLtE98.Lj[71( 
14693.S353f 
147G4.45G5( 

EST. 
UNCERT. 

.G5(3) 

.0563) 

.C5EE) 

.05S4J 

.0563} 
1.0277) 
1.0268) 
1.0297) 
1.C287) 
1.0277) 
1.G3G7) 
l.G2361 

.(031) 

.S3Ge) 

.(03': ) 

.GSGG) 

.GG31) 

.oaGC) 

.C035) 

.e237) 

.C8e::-) 

.(235) 

.cace) 

.C231) 

.cac[.) 

.G236) 

.CC86) 

.cacc) 

.O(88) 

.08GG) 

.DC?C) 

.88CO) 
• co e e) 
.!Je55) 
.C054) 
.Dam)} 
.oacc) 
.cacs) 
.. CG55) 
.GC54} 
.CC~q] 

.G02C) 

.0(,22 ) 

.0053) 
1.56861 
1.5S75) 
1.57C$) 
1 .. 5637 ) 
1.56861 
:.5722) 
1.57(9) 

1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 

1/2 
1/2 
1/2 
l/Z 
1/2 
1/2 
1/2 
liZ 
1/2 
1/:t:: 
1/2 
1/2 
1/2 
1/2 
112 
1/2 
1/2 
1/2' 
1/2 
1/2 
3/2 
3/2 
3/2 
3/2 
3/2 
2/2 
3/2 
3,/ , 

312 
3/2 
3/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 

J 

13/2 
13/2 
13/2 
13/2 
13/2 
23/2 
23/Z 
23/2 
23/2 
23/2 
23/2 
23/2 
7/2 
7/2 
7/2 
7/2 
7/: 
712 
7/2 

11/2: 
1112. 
11/2 
11/2 
11/2 
11/2 
11/2 

9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
5/2 

13/2 
13/2 
13/2 
13/2 
13/2 
13/2 
13/2 

7/7 
7/2 
7/2 
7/2 

25/2 
25/2 
25/2 
25/ .2 
25/2 
25/2 
25/2 

FU 

13/2 
13/2 
13/2 
15/2 
15/2 
23/2 
25/2 
21/2 
23/2 
25/2 
21/2 
23/2 
5/2 

5/2 
7/2 
7/2 
7/Z 
9/2 
9/2 
9/2 
9/2 

11/2 
11/2 
11/2 
13/2 
13/2 
7/2 
7/2 
9/2 
9/2 
9/2 

11/2 
11/2 
13/2 
15/2 
11/2 
13/2 
15/2 
11/2 
13/2 

3 

3 
25/2 
27/2 
23/2 
25/2 
27/2 
23/2 
25/2 

FL 

15/2 
13/2 
11/2 
15/2 
13/2 
25/2 
25/2 
23/2 
23/2 
23/2 
21/2 
21/2 

712 

5/2 
9/2 
7/2 
5/2 
'3/2 
1/2 

11/2 
~/z 

13/2 
11/2 

912 
13/2 
11/2 

9/2 
7/2 

11/2 
9/2 
7/2 

11/2 
9/2 

11/2 
13/2 
11/2 
13/2 
15/2 
13/2 
15/2 

3 
3 
'i 
q 

Z 1/2 
27/2 
~5/2 

25/2 
25/2 
23/2 
23/2 

F' 
U 

F' 
L 

ISOTOPE 

1600 
1600 
1600 
1600 
1600 
1 EOD 
1600 
1600 
1600 
1600 
Ie 00 
16CO 
lEOD 

1500 
1600 
1600 
lEOD 
160D 
1600 
lGOD 
16 00 
160D 
1EOD 
1600 
1600 
1600 
1600 
1600 
16'00 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
160;) 
1600 
1600 
180H 
180H 
l80H 
1 SOH 
IE 00 
1600 
1600 
1600 
16 00 
1600 
1600 
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350 R. A. BEAUDET AND R. L. POYNTER 

TABLE VII. MICROWAVE SPECTRUM OF l6 0D , l8 0H AND 170H 

TRANSITIONS IN ORDER OF FREQUENCY. (CONTINUED) 

CALC OR OBS EST. 
FREQUENCY UNCERT. Q J FU F P' F' ISOTOPE 

L U L 

18CC6.53i2( .CICLt) 3/2 15/2 15/2 13/2 1600 
13D07.1539{ .C1C4) 3/2 15/2 17/2 15/2 160;) 
18(iC9.4EGC( .caC[] 3/2 15/2 13/2 13/2 lE 00 
IdC18.6300( .G80S1 3/2 15/2 15/2 15/2 1600 
18012.13['O( .08ee) 3/~ 15/2 17/2 17/2 1600 
18G13.5135t .G104) 3/2 15/2 13/2 15/2 160D 
18C15.5928( .01(.Lt) 3/2 15/2 15/2 17/2 16 CD 
laa76.5418{ .2003) 1/2 13/2 E ? 180H 
l891G.711L4( .2G(3) 1/2 13/2 1 7 18CH 
18954.0Sf;7( .2004) 1/2 13/2 6 6 180H 
18988.23L!3( .20C31 1/2 13/2 7 6 l80H 
2D361.63l7 ( 2.3266) 1/2 27/2 27/2 29/2 160~ 

2C9t.6.~834( 2.3253) 1/2 2,7/2 2912 29/2 1600 
2C368.31C3( 2.3294) 1/2 27/2 25/2 27/2 1600 
2G973.4142C 2.328C) 1/2 27/2 27/2 27/2 1600 
20978.1:'S'3( 2.3266) 1/2 21/2 29/2 21/2 1600 
20979.47('1( 2.33CE} 1/2 27/2 25/2 25/2 1600 
20384.57S5( 2.323'1) 1/2 27/2 27/2 25/2 1600 
2345S.€532( .ecos} 3/2 9/2 5 4 180H 
23470.SS3G{ .0022) 3/2 9/2 4 4 180H 
23479.S228( .GG2E) 3/2 9/2 5 5 l80H 
23492.03S2( .0053) 3/2 3/2 4 5 1·9OH 
23SC3.5632( .0153 } 3J2 17/2 1112 15/2 1600 
23904.3393( .0153) 3/2 17/2 19/2 17/2 1 EOD 
23SC7.08CO( .osce} 3/2. 17/2 15/2 15/2 1600 
23303.4LrOC( .oaGC) 3/2 17/2 11/2 17/2 l60D 
23S1C.C4CSI .080e} 3/2 17/2 19/2 19/2 1600 
23311.3J24( .015lf) 3/2 17/2 15/2 17/2 1600 
2391".179Cf .015:3) 3/2 17/2 17/2 19/2 1600 
27823.S2:::1t 3.3710) lIZ 29/2 29/2 31/2 1600 
27829.273!j( 3.369li) 1/2 23/::- 31/2 31/2 1600 
27830.2C;Sl 3.3741) 1/2 29} 2 27/2 29/2 1600 
27835.53S3( 3.372€} 1/2 29/2 29/2 29/2 1600 
2784G.9837( 3.371C) 1/2 29/2 31/2 2:3/2 160D 
27841.QE.92( 3.3757) 1/2 29/2 2112 27/2 1600 
:2734G.73B:( 3.3741) 1/2 29/2 :2 9/2 27/2 160D 
3C5€1.4CS!j{ .CIE.21 3/2 19/2 19/2 11/2 1E 00 
30562.33;J4( .G162} 3/2 19/2 21/2 19/2 l60D 
3C5E5.42CC( .G8CC) '21 't: lS/2 17/2- 1 7/2 16 00 
3Q5GG .. 9::'O( .. osee} 3/2 19/2 19/2 19/2 lGOO 
3C5E8.72:JC( • ['8['() 3/2 19/Z 21/2 21/2 16 00 
30570.31414( .G162) 3/2 19/2 17/2 13/2 1600 
3C573.2'397( .GiG;:?) 3/2 19/2 19/2 21/2 1600 
32D2S.C343( .. :20?<;l) 1/2 15/2 7 a 1 SOH 
32C6'i.2~,58( .2039} 1/2 15/2 8 8 l80H 
32105.8417{ .2040) 1/2 15/2 7 7 laOH 
321'11.992(;( .2C4C] 1/2 15/2 8 1 180H 
3523G.5b22( 4.78-3G) 1/2 31/2 31/2 33/2 1600 
352~2.1482( 4 .. 7869} 1/2 31/2 33/2 33/2 1600 
35242.3373( 4.7 922) 1/2 31/2 29/2 31/2 160D 
352~8.252C( 4.7904) 1/2 31 J2 31/2 31/2 1600 
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TABLE VII. MICROWAVE SPECTRUM OF 16 0D , 180H AND 170H 

TRANSITIONS IN ORDER OF FREQUENCY. (CONTINUED) 

CALC OR OBS EST. 
FREQUENCY UNCERT. ~ J FU FL p' p' ISOTOPE U L 

352:,:::·.8Z,7S( ~ .7886 ) 1/2 31/2 33/2 31/2 1600 
"!5.254.053Q( 4.734C) 1/2 31/2 29/2 29/2 1600 
35259.~77(( 4.7922) 1/2 31/2 31/2 2 9/2 1600 
3S443.9761( .10Gs) 3/2 11/2 € 5 180H 
36Q63.S2C8f .1ee2) 3/2 11/2 [, 5 l80H 
36Lf74.7563( .lC02) 3/2 11/2 6 5 laOH 
364~Li.EG10( .lQCS) 3/'i. 11/2 5 6' 180H 
37930. 3616 ( • G 24 2 ) 3/2 21/2 21/2 19/2 1600 
37937.438[( .(242) :'/2 21/2 23/2 21/2 1600 
3794u.7~:JO( .Gaoe) 3/2 21/2 19/2 13/2 160D 
37942.42[C( .cace) 3/2 21/2 21/2 21/2 1600 
37944. 3SCc) ( .OBCS) 3/2 21/2 23/2 23/2 1600 
37946.816(,( .C242] 3/2 21/2 19/2 21/2 1600 
3794'3.3133( .C242) 3/2 21/2 21/2 23/2 1600 
431E3.553Q( 6.687::') 1/2 33/2 33/2 35/2 160D 
4317~.256Gt 6.6851) 1/2 33/2 35/2 35/2 160D 
43175.C6E.5( €.E91C} 1/2 33/2 31/2 33/2 1600 
43181 • .21C8t 6.6891) 1/2 33/2 33/2 33/2 160D 
431€6.9Q35( 6.693[,) 1/2 33/2 3112 31/2 1600 
43185.'3133( 6.6811) 1/2 33/2 35/2 33/2 1600 
42192.~47S( G.E9le) 1/2 33/::: 33/2 31/2 1600 
4S'387.1153( .0823) 3/2 23/2 23/2 21/2 1600 
lfS9S8.3315( .(,822) 3/2 23/2 25/2 23/2 1600 
45"9'31 .3::?:.l 3 ( .03211 ) 3/2 23/2 21/2 21/2 1600 
4S9~3.(318( .c 82 2) :::/2 23/2 23/2 23/2 1600 
45995.5573( .0824) 3/2 23/2 25/2 25/2 160D 
45996.343~·{ .(822) 3/2 23/2 21/2' 23/2 1600 
4GOCC. ge7 3 { .ca22) 3/2 23/2 23/2 25/2 160;) 
4737C.875l.!( .32(2) 1/2 17/2 8 9 180H 
474CB.5427( .3258) 1/2 17/2 9 9 1 SOH 
Lf7448.GICl( .32E4) 1/2 17/2 8 8 180H 
4748G.2333( .326:?) 1/2 17/2 9 8 180H 
51977.38!JC( .2('C~1 3/2 13/2 7 6 l80H 
52Q02.G4G3{ .20G4) 3/2 13/2 6 E 180H 
52C15.1322( .2G04} 3/2, 13/2 7 7 l8CH 
520lfO.38dS{ .2eOS) 3/2 13/2 6 7 180H 
S4675.04S7{ .2142 ) 3/2 25/2 25/2 23/2 1600 
54570.39301 .21£43) 3/2 25/2 27/2 25/2 1600 
54G8C.G317C .2144} 31t:. 25/2 23/2 23/2 16 00 
S4681.95G4{ .2143) 3/2 25/2 25/2. 25/2 1 bOD 
51.!E;S4.1C15( .21(.!L~) 3/'i.. 25/2 27/2 27/2 1600 
54685.932!f( .2143) 3/2 25/2 23/2 25/2 1600 
5,+ee.9.(~,9[ ( .211.!3) 3/2 25/2 25/2 27/2 1600 
b33t;3.3133( .4597, 3/2 2'7/2 27/'2. 25/2 1 GOD 

6396!:,.11419( • 45 ~.(.) 3/2- 27/2 29/2 27/2 1£00 
63963.1339( .45"37) 3/2 27/2 25/2 25/2 1600 
6 3 S 7 1. 21 5::( .45 SC) 3/~ 27/2 27/2 27/2 1600 
63373.4£59( .4597 ) 3/2 2112 29/2 29/2 1 GOO 
6357E..4255( .459C) 3/L 27/';" 25/2 27/2 16 00 
63979.239Q( .Lf597 ) 3/2 2112 2112 29/2 160D 
647EO.OC7G( .5225) 11L 19/2 9 10 leOH 
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TABLE VIr. MICROWAVE SPECTRUM OF 16 0D , 18 0H AND 170H 

TRANSITIONS IN ORDER OF FREQUENCY. (CONTINUED) 

CALC OR OBS EST. 
FREQUENCY UNCERT .• Q J FU FL F' F' ISOTOPE 

U L 

64798 .. 8S~3( .5224) 1/2 19/2 10 lC l80H 
6fi337.566:.J{ .. 5229} 1/2 19/2 9 9 l80H 
6487E .. '1143( .. 5227} 1/2 19/2 1C 9 l80H 
59372.:?O54{ .2009) 3/2 15/2 8 7 l80H 
69::Gl.3415( • 20CE j 2/2 15/2 ? 7 l80H 
69915 .. 1733( .. 20C6) 3/2 15/2 8 8 l80H. 
69944 .. 310[,,( .. 2GC~) 3/2 1 !:.IZ 7 8 l80H 
73813 .. 7~54( .. 3743) 3/2 29/2 29/2 27/2 1600 
73821.287(;( .. 2743} 3/2 2 S 12 31/2 29/2 1600 
73825,,13~'J{ .8743} 3/2 29/2 27/2 27/2 1600 
73B2/.242S( .27 Lj 2 J 3/2 29/2 29/2 29/2 IE 00 
73823 .. 58C4( .. 874 3} 3/2 29/2 31/2 31/2 1 EOD 
73832.,E49:.{ .8742} 3/2 29/2 27/2 29/2 1600 
73335.5361i .3743) 3/2 29/2 29/2 31/2 1600 
8liCE1 .. 2C48( .. S63El 1/2 21/2 1e 11 180H 
8410:::;.'3833~ .96341 1/2 21/2 11 11 1 BOH 
84138.Lf722{ 10 96 411 1/2 21/Z 1C Ie l80H 
a~n7a.2531( 89539) 1/2 21/2 11 10 180H 
842C9 .. 5S3C{ 1.53111 3/2 31/2 31/2 29/2 1600 
81.6211 .. 246:::< 1 .. 5312) 3/2- 31/2 33/2 31/2 160:1 
8L1215 .. 1S32( le5311~ 31 ~ 31/2 29/2 :2 3/2 If 00 
84217Q3S3;{ 1 .. 5311 } 3/2 31/2 31/2 3112 160J 
84219q;77CS( 1.,5312) 2·/2 31/2 33/2 33/2 1600 
"34222 .. 9O:54{ 1.5311) 3/2 31/2 29/2 31/2 1608 
8q225.8~33{ 1 .. 5312) 3/2 31/2 31/2 33/2 160D 
g3365 .. .9597{ " 3079 ) 3/2 17/2 9 8 180H 
899S7 .. 9GS9{ c3077) 3/2 17/2 8 S l80H 
90L12e9432{ .. 3077 ) 3/2 17/2 9 S 180H 
9CC4Lj"e924( .. 307 e) 3/2 17/2 8 S l80H 
951Gl .. 9734( 2 .. 5225} 3/2 33/2 33/2 31/2 1600 
95103.7131{ 2.522£) 3/2 33/2 35/2 33/2 1600 
951G7 .. 7CS3t 2.5225} 3/2 33/2 31/2 31/2 1600 
95109 .. 9f·lS ( 2.522£) 3/2 33/2 33/2 33/2 IE 00 
95112e4375( 2 .. 52Z7) 3/2 33/2 35/2 35/2 160D 
95115.E:.374( 2(5225) 3/2 33/2 31/2 33/2 1600 
95113.6.36J( 2.52251 3/2 33/2 33/2 35/2 1600 

lC51QS .. 5345( 1 erG E 2 9) 1/2 23/2 11 12 180H 
lC513G"OBG1{ 1 .. 5G:n) 1/2 23/2 12 12 1S0H 
lO5222.4394( laE62~J 1/2 23/'2 11 11 180H 
105252 .. '315:J{ 1 .. 5(33) 1/2 23/2 12 11 lSOH 
10EqEE·.9<::'55( 3<:>96:C) -: I:: 35/2 35/2 33/2 1600 
106467 .,73J5~ 3 .. 3627) 3/2 35/2 37/2 35/2 1500 
10E.Lj7l .. 8~·3Lf ( 3c962~.J 3/2 35/2 33/2 33/2 16 CD 
lOS471.i41C7i.t( 3 .. 3525) 3/2 35/2 35/2 35/2 1600 
lCE 4 7( ~ E ":!72 { 3"S622} 31 ::. 35/2 37/2 37/: 1600 
::. 0643: ,,0:54 ( 3 .. 3625) 3/2 35/2 33/2 35/2 lE08 
lOE483.CCS:'( 3.9627} 3/2 35/2 35/2 37/2 1600 
112113.2205{ .. l.f6G9} 3/2 19/2 1:::: '3 180H 
112147.51:[( G 4 E· [.( i 3/'- IS/2 9 S 180H 
112153.34S4( ,,4SGE) 3/2 19/2 Ie lC laOH 
112197 .. 6::·lS( ,,4 G::· 7} 3/-':' 19/2 S 10 l80H 
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TABLE VII. MICROWAVE SPECTRUM OF 160D , 
TRANSITIONS IN ORDER OF FREQUENCY. 

180H AND 170H 

(CONTINUED) 

CALC OR OBS EST. 
FREQUENCY UNCERT. :l2 J 

136179.5142( .83H~) 3/2 21/2 
135215.S173{ .9315) 3/2 21/2 
136232.1813·( .831:·) 3/2 21/2 
13526.3.2141.f( .9315) 3/2 21/2 
162C35.11g~( 1.l.jl~'2} 3/2 23/2 
162072.6g13( 1.41q9) 3/2 23/2 
162085.8403( 1.Lf15[) 3/2. 23/2 
162127.4137( 1.4147) 3/2 23/2 
189551.829L!( 2.52(9) :'·/2 25/2 
1 3353Q .6327 ( 2.5205) 3/2 25/2 
1836CB.2432( 2.52(5) 3/2 25/2 
199547.C466( 2.5203) 3/2 25/2 

2.1 . Hydroxyl References 

a. laboratory References 

[37A] M. Ishaq, "The A 2708 and A 2756 Bands of OD," Proc. 
Roy. Soc. 159, 110 (1937). 

[52A] R. A. Frosch and H. M. Foley, "Magnetic Hyperfine 
Structure in Diatomic Molecules," Phys. Rev. 88, 1337 
(1952). 

[S3A] T. M. Sanders, Jr., A. L. Schawlow, G. C. Dousmanis, and 
C. H. Townes, "A Microwave Spectrum of the Free OH 
Radical," Phys. Rev. 89, ll58 (1953). 

[S4A] M. Mizushima, "Theory of the Hyperfine Structure of the 
NO Molecule," Phys. Rev. 94,569 (1954). 

[55A] G. C. Dousmanis, "Magnetic Hyperfine Effects and Elec-
tronic Structure of NO," Phys. Rev. 97, 967 (1955). 

[S5B] G. C. Dousmanis, T. M. Sanders, and C. H. Townes, 
"Microwave Spectrum of 'Free Radicals OH and OD," 

Phys. Rev. 100, 1735 (1955). 
[SSC] c. C. Lin and M. Mizushima, "Theory of the Hyperfine 

Structure of the NO Molecule, II. Errata and Some 
Additional Discussion,"· Phys. Rev. 100, 1726 (1955). 

[SSD] R. P. Madden and W. S. Benedict, "Pure Rotation Lines of 
OH," 1. Chern. Phys. 23,408 (1955). 

!S9A] G. Ehrenstein, C. H. Townes, and M. 1. Stevenson. "Ground 
State A-doubling Transitions of OH Radical," Phys. Rev. 
Lett. 3, 40 (1959). 

!60A] D. Garvin, H. P. Broida, and H. 1. Kostkowski, "Chemically 
Induced Vibrational Excitation: Hydroxyl radical emission 
in the 1-3 micron region produced by the H + 03 atomic 
flame," J. Chem.Phys. 32,880 (1960). 

/61AJ R. T. Meyer and R. J. Myers, "Di~ole Moment of the OH 
Radical .hom the ~tark Effect of Its Microwave Spec­
trum," J. Chern. Phys. 34, 1074 (1961). 

1618] H. E. Radford, "Microwave Zeeman Effect of Free Hydroxyl 
Radicals," Phys. Rev. 122, 114 (1961). 

162A] F. P. del Greco and F. Kaufman, "Lifetime and ReactIOns 
of OH Radicals in Discharge Flow Systems," Disc. Fara­
day Soc. 33, 128 (1%2). 

Ifl:ZB} G. H. Dieke and H. M. Crosswhite, "The Ultraviolet Bands 
of OH," J. Quant. Spectrosc. Radial. Transfer 2, 97 
(1962). 

I ()2C] H. E. Radford, "Microwave Zeeman Effect of Free Hydroxyl 
Radicals: 2n! Levels," Phys. Rev, 126, 1035 (1962). 

I (,:l A] G. Ehrenstein, "Hyperfine Structure in 017H and OH Dipole 
Moment," Phys. Rev. 130, 669 (1%3). 

If.:m] D. M. Golden, F. P. del Greco, and F. Kaufman, "Experi-
mental Oscillator Strength of OH 2~+ _ 2n hy a Chemical 
Method," 1. Chern. Phys. 39, 3034 (1%3). 

It):~C] K. Kayama, "HFS Constants of OH Ground State," J. 
Chern Phys. 39, 1507 (1%3). 

pU 

11 
10 
11 
10 
12 
11 
12 
11 
13 
12 
13 
12 

[64A] 

[64BJ 

[65A] 

(65B) 

[66A] 

[66B] 

[66C] 

[67A] 

[67B] 

[67C] 

(670) 

[67E) 

[67F] 

[68A] 

[68B] 

[68C] 

[69A] 

[69B] 

FL pi pi ISOTOPE 
U L 

10 l80H 
1G 180H 
11 18CH 
11 180H 
11 180H 
11 l80H 
12 180H 
12 leOH 
12 180H 
12 laOH 
13 laOH 
13 laOH 

R. G. Bennett and F. W. Dalby, "Experimental Determina­
tion of the Oscillator Strength of the Violet System of 
OH," J. Chern Phys. 40, 1414 (1964). 

H. E. Radford, "IS-em Spectrum of OH," Phys. Rev. Lett. 
13, 534 (1964). 

D. H. Phelps and F. W. Dalby, "Optical Observations of 
the Stark Effect on OH," Can. J. Phys. 43, 144 (965). 

F; X. Powell and U. H.. Lide, "Improved Measurement of 
the Electric Dipole Moment of the Hydroxyl Radical," J. 
Chern Phys. 42, 4201 (1965). 

K. F. Freed, "Theory of the Hyperfine Structure of Mole­
cules: Application to :sn States of Diatomic Molecules 
Intermediate Between Hund's Cases (a) and (h)," J. 
Chern. Phys. 45, 4214 (1966). 

B. Turner, "Einstein A Coefficient for the .\ Doublet 
Transitions of the Ground State of OH," Nature 212, 184-
(1966). 

A. A. Westen berg and W. E. Wilson, "ESR Intensity 
Relations and Some Gas-Phase Chemical Kinetics of the 
OD Radical," J. Chern. Phys. 45, 338 (l966). 

1. Anketell and A. Pery-Thorne, "Oscillator Strengths in 
the 22, + _2n Band System of OH by the Hook Method," 
Proc. Roy. Soc. Ser. A 301,343 (1967). 

A. Carrington and T. A. Miller, "Ei~stein A Coefficients for 
the 18 cm Transitions of OH," Nature 214.998 (1967). 

D. R. Johnson and C. C. Lin, "Low Field Zeeman Effect of 
the Microwave Spectrum of the OH Radical," J. Mol. 
Spectrosc. 23,201 (1967), 

D. R. LJde, Jr., "Correction of Some Erroneou$o Calculations 
of the Einstein A Coefficient for the 18 cm Transition of 
OH," Nature 213,694 (19671. 

R. L. Poynter and R. A. Beaudet. "Dipole Moment of the 
OH Free Radical," Abstract. 22nd SymposIUm on Molec­
ular Structure and Spectroscopy, Columbus, Ohio. Sep­
tember, 1967, p. 76. 

A. Stoebner and R. Delbourgo, "Contribution to the Spectro­
graphic Study of the 0-2 Sequence of the A ·':t*-X ~n 

Transition of the OH Radical." J. Chern. Phys. 64, 1115 
(1967). 

K. G. Anlauf, R. G. MacDonald. and J. C. Polanyi, "Infrared 
Chemiluminescence from H + O:l at Low Pressure." 
Chern. Phys. Lett. l, 619 (1968). 

R. L. Poynter and R. A. Beaudet, "Predictions of Several 
OH Doubling Transitions Suitahle for Radio Astronomy," 
Phys. Rev. Lett. 21,305 (1968). 

H. E. Radford, "Scanning Microwave Echo Box Spectrome­
ter," Rev. Sci. lnstrum. 39, 1687 (1968). 

C. Carlone and F. W. Dalby, "Spectrum of the Hydroxyl 
Radical," Can. 1. Phys. 47, 1945 (1969). 

A. Carrington and N. J. D. Lucas, "Electron Resonance of 
Gaseous Diatomic Hydrides. 1. 170 Hyperfine and Quad-

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 



354 R. A. BEAUDET AND R. L. POYNTER 

[69C] 

[69D] 

[69E] 

[69F] 

[69G] 

[70A] 

(70B] 

[70C] 

[70D] 

[7IA] 

L 71t1J 

[71C] 

[710] 

[71EJ 

[71F] 

[71G] 

[71H] 

[72A] 

[72B] 

[72C] 

[720] 

rupole Interactions in OH and OD," Proc. Roy. Soc. Ser. 
A 314, 567 (1969). 

K. R. German and R. N. Zare, "Measurement of the Hanle 
Effect for the OH Radical," Phys. Rev. Second Ser. 
186,9(1969). 

K. R. German and R. N. Zare, "Optical Radio-Frequency 
Double Res.onance in Molecules: the OH Radical," Phys. 

Rev. Lett. 23, 1207 (1969). 
A. Marshall, R. L. deZafra, and H. Metcalf, "Level-crossing 

Spectroscopy in Molecules: Application to the OH Free 
Radical," Phys. Rev. Lett, 22.445 (1969). 

R. L. Poynter and R. A. Beaudet, ·'Microwave Spectrum of 
the OD Free Radical," Abstract, 24th Symposium on 
Molecular Structure and Spectroscopy, Columbus, Ohio, 
September, 1969. 

J. L. Yen, B. Zuckerman, P. Palmer and. H. Penfield, 
"Detection of the zn312, J 5/2 State of OH at 5 
Centimeter Wavelength," Astrophys. 1. 156, L27 (1969). 

1. A. Ball, D. F. Dickinson, C. A. Gottlieb, and H. E. 
Radford, "The ;:S.t! cm Spectrum of UH: Laboratory 
Measurements and Low Noise Search in W3 (OH)," 
Astron. J. 75, 762 (1970). 

1. A. Ball, B. M. Zuckerman, C. A. Gottlieb and H. E. 
Radford, "16 '-'111 Tli:1ll"itivw,; ill O'7H Hud O'~H Laboratory 
and Astronomical Measurements," Bull. Amer. Astron. 
Soc. 2,293 (1970). 

A. Churg and D. H. Levy, "The Magnetic Resonance 
Spectrum of Vibrationally Excited OH and a Prediction of 
the Radio-Astronomy Spectrum," Astrophys. J. 162, 
LI6l (1970). 

K. M. Evenson, 1. S. Wells, and H. E. Radford, "Infrared 
Resonance of OH with the H20 Laser: A Galactic Maser 
Pump?," Phys. Rev. Lett. 25, 199 (1970). 

1. A. Ball, C. A. Gottlieb, M. L. Meeks, and H. E. Radford, 
"Search for the 2TI!, J ::::; 5/2 Excited State of OH in W3," 
Astrophys. J. 163, L33 (1971). 

P. t.:. Charters, R. G. MacDonald, and 1. C. Polanyi, 
"Formation of Vibrationally Excited OH By the Reaction 
H + 0 3," Appl. Opt. 10, 1747 (1971). 

P. N. Clough, A. H. Curran, and B. A. Thrush, "The EPR 
Spectrum of VibrationaHy Excited Hydroxyl Radicals," 
Proc. Roy. Soc. Ser. A 323, 541 (1971). 

R. L. deZafra, A. Marshall, and H. Metcalf, "Measurement 
of Lifetime and g Factor by Level Crossing and Optical 
Double Resonance in the OH and OD Free Rddicdl," 

Phys. Rev. A 3, 1557 (1971). 
K. P. Lee, W. G. Tam, R. Larouche, and G. A. Wooten, 

"Electron Resonance of Vibrationally Excited OH Radi­
cals." Can. J. Phys. 49, ??07 (lQ71) 

E. A. Moote and W. G. Richards, "A Reanalysis of the 
Nl+-x2ni System of OH," Phys. Scripta (Sweden) 3, 
223 (1971). 

A. E. Potter, 1r., R. N. Coltharp, and S. D. Worley, "Mean 
Radiative Lifetime of Vibrationally Excited (v~9) Hy­
droxyl. Rate of the Reaction Vibrationally Excited Hy­
droxyl (v=9) with Ozone," 1. Chern. Phys. 54, 992 (1971). 

E. A. Searl and F. W; Dalby, "High Field Stark Effects on 
the Near Ultraviolet Spectrum of the Hydroxyl Radical," 
Can. J. Phys. 49, 2825 (1971). 

B. G. Elmergreen and W. H. Smith, "Direct Measurement 
of the Lifetimes and Predissociation Probabilitiel" for 
Rotational Levels of the OH and OD A"I'" ~tates, 

Astrophys. J. 178,557 (1972). 
R. K. Hinkley, J. A. Hall, 1. E. H. Walker and W. G. 

Richards, "A Doubling in 2n States of Diatomic Mole­
cules," J. Phys. B 5, 204 (1972). 

C. Marliere, 1. Burie and J. L. Destombes, "Spectrometre 
Hertzien pour l'etude des Radicaux Libres," C. R. Acad. 
Sci. Paris, Ser. B 275, 315 (1972). 

W. I. MpPrtc; ~md A. Dynamus, "The Hyperfine A Doubling 

Spectrum of 14N 160 and 15N I60," J. Mol. Spectrosc. 44, 
320 (1972). 

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 

[72E] 

[72F] 

[73A] 

[73B] 

[73C] 

[73D] 

[73E] 

[73F) 

[73G] 

[73H] 

[731] 

[731) 

[74A] 

[71B] 

[74\.J 

[74DJ 

[74E] 

[74F) 

[74G] 

(74H] 

[741] 

[75Al 

M. Mizushima, "~olecular Parameters of OH Free Radical," 
Phys. Rev. A 5, 143 (1972). 

1. J. terMeulen and A. Dymanus, "Beam Maser Measure­
ments of Ground State Transition Frequencies of OH," 
Astrophys. 1. 172, L21 (1972). 

J. A. Austin, A. Churg, and D. H. Levy, "The Microwave 
and Magnetic Resonance Spectra of Vibration ally Excited 

OH Radicals," Abstract, 28th Symposium on Molecular 
Structure and Spectroscopy, Columbus, Ohio, June Il­
lS, 1973. 

M. A. A. Clyne, J. A. Coxon, and A. R. Woon Fat, "The 
A 2~:+ -X 2fIj Electronic Band System of the OD Free 
Radical. 1. Spectroscopic Data for the 0-0 Sequence 
and Rotational Term Values for A 2l+ and X 2n:', 1. 
Molec. Spectrosc. 46, 146 (1973). 

K. R. German, T. H. Bergeman, E. M. Weinstock, and R. 
N. Zare, "Zero-field Level Crossing and Optical Radio­
Frequency Double Resonance Studies of the A 2l" States 
of OH and OD", J. Chern. Phys. 58,4304 (1973). 

R. K. Hinkley, T. E. H. Walker, and W. G. Richards, "On 
the EPR Spectrum of Vibrationally Excited Hydroxyl 
Radicals", Proc. Roy. Soc. Ser. A 331, 553 (1973). 

V. K. Khersonskii, "Radio Transitions of the 0 160 Mole­
cule", Astro. Zh. 50, 646 (1973). Suv. A:.tJu. 17, 411 

(1973). 
W. L. Meerts and A. Dynamus, "Accurate Frequencies 

Below 5 GHz of the Lower J States of OD", Astrophys. J. 
180, L93 (1973). 

W. L. Meerts and A. Dynamus, "Electric Dipole Moments 
of OH and 00 by Molecular Beam Electric Resonance", 
Chern. Phys. Lett. 23, 45 (1973). 

R. A. Sutherland and R. A. Anderson, "Radiative and 
Predissociative Lifetimes of the A 2l+ State of OH", J. 
Chern. Phys. 58, 1226 (1973). 

J. E. Valtz and V. A. Soglasnova, "Lambda-doubling of the 
01iH Molecule at Microwave Frequencies", Astrophyl'. 
Lett. 13, 23 (1973). 

E. M. Weinstock and R. N. Zare, "High Field Level 
Crossing and Stark Studies of the A 2l+ State of OD", J. 
Chern. Phys. 58, 4319 (1973). 

J. H. Brophy, J. A. Silver, and J. L. Kinsey, "Direct 
Measurement of the Radiative Lifetime of the A 2~+ 
(v'::::;O, K'=1, J'=3/2) State of OH and OD", Chern. Phys. 
Lett. 28, 418 (1974). 

M. A. A. Clyne and S. Down, "Kinetic Dell",.jul uf OIl 

X ZfI and A 2l+ Using Molecular Resonance Fluorescence 
Spectrometry", J. Chern. Soc. Faraday Trans. II (GB) 
70, 253 (1974). 

J. I. Dpc;tomhpc;, C. Marliere, F. Rohart, and J. Burie, 

"New Analysis of the Microwave Spectrum of the Hy­
droxyl Radical", c.R. Acad. Sci. Paris. Ser. B 278, 275 
(1974). 

1. L. Destombes, C. Marliere, and P. Rosseels, "Zeeman 
Modulation Devices for Microwave Spectroscopy of Unst­
able Species", J. Phys. E (GB) 7, 996 (1974). 

C. A. Gottlieb, H. E. Radford and B. P. Smith, unpublished 
data on IIl0H, I!«)H, liOH frequencies. 

P. Hogan and D. D. Davis, "OH Lifetime Measurements of 
Severa] K Levels in the v';::;1 Manifold of the A 2~+ 
Electronic State: Excitation via a Tunable UV Laser", 
Chern. Phys. Lett. 29, 555 (1974). 

K. P. Lee and W. G. Tam, "Molecular Constants 01 

Vibrationally Excited Hydroxyl Radical From Electron 
Paramagnetic Resonance", Chern. Phys. 4,434 (1974). 

W. H. Smith, B. G. Elmergreen, and N. H. Brooks, 
"Interactions Among the Lower Valence States of the OH' 
Radical (origin of experimentally observed predissocia­
tions)", J. Chern. Phys. 61,2793 (1974). 

D. W. Trainor and C. W. von Rosenberg, Jr., "Flash 
Photol}'si.. Study of the Gas Phase Recombination of 

Hydroxyl Radicals", 1. Chern. Phys. 61, 1010 (1974). 
J. A. Coxon and R. E. Hammersley, "Spin Orbit Coupling 



[75B] 

[75C] 

[75D] 

[75E] 

[75F] 

[75G] 

[75H] 

[76A] 

[76B] 
[76C] 

[76D] 

[76E] 

[76F] 

[76G] 

[76H] 

(57A] 

163D] 

IMC] 

IMD] 

IME] 

MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 355 

and Lambda-Type Doubling in the Ground State of OD, 
X 2fI. Comparison of Experimental Constants with Ab 
Initio Calculations", 1. Molec. Spectrosc. 58, 29 (975). 

J. L. Destombes, G. Journel, C. Marliere, and F. Rohart, 
"Microwave Spectrum of the Hydroxyl Radical in' 2n~/2 
and 2fI1I2 Stat~s, for J ~ 7/2", c.R. Acad. Sci. Paris, 
Ser. B 280, 809 (1975). 

J. L. Destombes and C. Marliere,"Measurement of Hyper­
fine Splitting in the OH Radical by a Radio-Frequency 
Microwave D~uble Resonance Method", Chern. Phys. 
Lett. 34, 532 (1975). 

K. R. German, "Direct Measurement of the Radiative 
Lifetimes of the A 21+ (V' =0) States of OH and OD", J. 
Chern. Phys. 62,2584 (1975). 

K. R. German, "Radiative and Predissociative Lifetimes of 
the V'=O, 1 and 2 Levels of the A 21+ State of OH and 
OD", 1. Chern. Phys. 63,5252 (975). 

W. L. Meerts and A. Dymanus, "Molecular Beam Electric 
Resonance Study of Hyperfine A Doubling of OH, OD, 
SH, and SD", Can. J. Phys. 53,2123 (1975). 

W. L. Meerts, "Properties of Diatomic Open-Shell Molecule 
by the Molecular Beam Electric.Resonance Spectroscopy", 
Thesis, Department of Physics, University of Nijmegen, 
Nijrnegp.n, The. Netherlands. 

1. Yamashita, "Crossed Beam Experiment on Rotational 
Population Distribution of OH(A 21+)", J. Phys. Soc. 

Japan 39, 205 (1975)._,-
S. 1. Chu, "Collision ally-Induced Hy~~'ine-Structure Tran­

sitions of OH", Astrophys. 1. 206, 640 (976). 
Cohen, E. A., unpublished results. 
K. R. German, "Collision and Quenching Cross-Sections in 

the A 21+ State of OH and OD", J. Chern. Phys. 64, 
4065 (1976). 

R. K. Lengel, D. R. Crosley, P. Hogan, and D. D. Davis, 
"Comments on Electronic Quenching and Vibrational 
Relaxation of the OH (A 21+, V'=1) State", J. Chern. 
Phys. 64, 3900 (1976). 

J. E. Spencer and G.P. Glass, "The Reaction of Atomic 
Hydrogen with N02", Chern. Phys. 15,35 (1976). 

G. E. Streit and H. S. Johnston, "Reactions and Quenching 
of Vibrationally Excited OH Radicals", J. Chern. Phys. 
64,95 (1976). 

1. J. ter Meulen, W. L. Meerts, G. W. M. van Mierlo, and 
A. Dymanus, "Observations of Population Inversion Be­
tween the .\-Doublet States of OH", Phys. Rev. Lett. 36, 
1031 (1976). 

R. C. Woods and T. A. Dixon, "Comment on the Quadrupole 
Coupling Constants in the A 21+ States of OD and NO", 
J. Chern. Phys. 64,5319 (1976). 

b. Astrophysical References 

A. H. Barrett and A. E. Lilley, "A Search for the l8-elll 

Line of OH in the Interstellar Medium", Astron. 1. 62,5 
(1957). 

S. Weinreb, A. H. Barrett, M. L. Meeks, and J. C. Henry, 
"Radio Ob5ervation5 of OH in the InterGtellar Medium", 

Nature 200, 829 (1%3). 
A. H. Barrett, "The Detection of the OH and Other Molecular 

Lines in the Radio Spectrum of the Interstellar Medium", 
IEEE Trans. Military Electronics" MIL-8, #3-4, 156 
(1%4). 

A. H. Barrett, M. L. Meeks, and S. Weinreb, "High 
Resolution Microwave Spectra of Hand OH Absorption 
Lines of Cassiopeia A", Nature 202, 475 (1%4). 

A. H. Barrett and A. E. E. Rogers, "Spectrum and Relative 
Intensities of Interstellar OH Lines", Nature 204, 62 
(1964). 

J. G. Bolton, F. F. Gardner, and M. B. Mackey,"The 
Parkes Catalogue of Radio Sources Declination Zone 
-200 to -flf"', Aust. 1. Phys. 17,340 (1%4). 

[64G] 

[64H] 

[641] 

[64]] 

[64K] 

[64L] 

[61M] 

[64N] 

[65C] 

[65D] 

[65E] 

[65F] 

[65G] 

[65H] 

[651] 

[65J] 

[66D] 

[66E] 

[66F] 

[66G] 

[66H] 

[661] 

[661] 

[66K] 

J. G. Bolton, F. F. Gardner, R. X. McGee, and B. J. 
Robinson, "Distribution and Motions of OH Near the 
Galactic Centre", Nature 204, 300%4). 

J. G. Bolton, K. 1. Van Damme, F. F. Gardner, and B. J. 
Robinson, "Observation of OH Absorption Lines in the 
Radio Spectrum of the Galactic Centre", Nature 201, 
279 (1964). 

N. H. Dieter and H. 1. Ewen, "Radio Observations of the 
Interstellar OH Line at 1,667 Mc/s", Nature 201, 279 
0%4). 

F. F. Gardner, B. 1. Robinson, J. G. Bolton, and K. J. van 
Damme, "Detection of the Interstellar OH Lines at 1612 
and 1720 Mc/sec", Phys. Rev. Lett. 13,3 (964). 

S. 1. Goldstein, Jr., E. 1. Gundermann, A. A. Penzias, and 
A. E. Lilley,"OH Absorption Spectra in Sagittarius", 
Nature 203, 65 (1964). 

K. i. Kellermann, "Measurements of the Flux Density of 
Discrete Radio Sources at Decimeter Wavelengths", As­
tro. 1. 69, 205 (964). 

B. J. Robinson, F. F. Gardner, K. J. van Damme, and J. G. 

Bolton, "An Intense Concentration of OH Near the 
Galactic Centre", Nature 202,989 (1964). 

H. F. Weaver and D. R. W. Williams, "OH Absorption 
Profile in the Direction of Sagittarius A". Nature 201. 
380 (1964). 

N. W. Broten, B. F. C. Cooper, F. F. Gardner, H. C. 
Minnett, R. M. Price, F. G Tonking, and E. D. Yabsley, 
"Some Observations at 6 cm Wavelength with the Austra­
lian 210-ft. Radio Telescope", Aust. J. Phys. 18, 85 
(1965). 

R. X. McGee, B. J. Robinson, F. F. Gardner and J. G. 
Bolton, "Anomalous Intensity Ratios of the Interstellar 
Lines of OH in Absorption and Emission", Nature 208, 
1193 (1%5). 

D. McNally, "The Detection of the Radical OH in Interstellar 
Space", Sci. Progr. (GB), 53,83 (1965). 

T. K. Menon and Yervant Terzian, "Radio Observations of 
Panetary Nebulae", Astrophys. J. 141, 745 (1%5). 

J. L. Symonds, "Formation of Hydroxyl Molecules in Inter­
stellar Space", Nature 208, 1195 (1%5). 

H. Weaver, D. R. W. Williams, N.· H. Dieter, and W. T. 
Lum, "Observations of a Strong Unidentified Microwave 
Line and of Emission from the OH Molecule", Nature 
208, 29 (1965). 

S. Weinreb, M. L. Meeks, J. C. Carter, A. H. Barrett, and 
A. E. E. Rogers, "Observations of Polarized OH Emis­
sion", Nature 208, 440 (1965), 

B. Zuckerman, A. E. Lilley, and H. Penfield, "OH Emission 
in the Direction of Radio Source W49" , Nature 208, 441 
(1%5). 

A. H. Barrett and A. E. E. Rogers. "Observations of 

Circularly Polarized OH Emission and Narrow Spectral 
Features", Nature 210, 188 (1%6) .. 

T. O. Carroll and E. E. Saltpeter. "On the Abundance 01 
Interstellar OH", Astrophys. 1. 143,609 (1966). 

A. H. Cook, "Determination of Direction, F'requcncy and 
Polarization of Radio Emission from Galactic 01I". !\atllrl> 

211,503 (1966). 

A. H. Cook, "Suggested Mechanism for tilt' Anolllal"II" 

Excitation of OH Microwave Emission,; from II-II HI" 
gions", Nature 210,611 (1966). 

D. D. Cudaback, R. B. Read. and G. W. Hougoo!. "Dianll'­

ters and Positions of Three Source,; of }R-(,Ill ()j I Ellli,..· 

sion", Phys. Rev. Lett. 17,452 (19661. 
R. D. Davies, G. de Jager, and G. L. V('I",.",IIIIIII. "llr·tr!'lillll 

of Circular and Linear Polarization ill III!' (>II Eflll~~ioll 

Sources Near W3 and W49", Nature 20C
), '17·1 i l'j()(1J 

N. H. Dieter and W. M. Go,;,;. "H"""1I1 WlJf~. till tilt' 
Intersteliar Medium", Rev. Mod. I'hv;.. :Ut, :;!,/, {Ii)(,{l) 

N. H. Dieter, H. Weaver, and D. H. \\ \\dllilill c • "The 

Interstellar Hydroxyl Radin ElIlj""j"ll " ...,~.\ "lid T,·Ir'h('ope 

31, 132 (1966). 

J. Phys. Chem. Ref. Ooto, Vol. 'J, Nt>, I, 1978 





356 R. A. BEAUDET AND R. L. POYNTER 

[66L] N. H. Dieter, H. Weaver, and D. R. W. Williams, "Secular 
Variations in the Radio-Frequency Emission of OH", 
Astron. J. 71, 160 (1966). 

[66M] D. Downes and R. Rinehart,"Microwave Observations of 
the Cygnus X Region", Astrophys. 1. 144,937 (1966). 

[66N] C. V. Heer, "Theory for the Polarization of Cosmic OH- 18 
em Radiation", Phys. Rev. Lett. 17,774(1966). 

[660] M. M. Litvak, A. L. McWhorter, M. L. Meeks, and H. J. 
Zeiger, "Maser Model for Interstellar OH Microwave 
Emission", Phys. Rev. Lett. 17, 821 (1966). 

[660] M. L. Meeks, J. A. Ball, 1. C. Carter, and R. P. Ingalls, 
"Stokes Parameters for 1665-Megacycles-per-second 
Emission from OH Near Source W3", Science 153, 978 
(1966). 

[66S] F. P. Perkins, T. Gold, and E. E. Sal peter, "Maser Action 
in Interstellar OH", Astrophys. J. 145,361 (1966). 

[66T] A. E. E. Rogers, J. M. Moran, P. P. Crowther, B. F. 
Burke, M. L. Meeks, J. A. Ball, and G. M. 
Hyde, "Interferometric Study of Cosmic Line Emission at 
OH Frequencies", Phys. Rev. Lett. 17,450 (1966). 

[66U] H. Weaver, D. R. W. Williams, and N. H. Dieter, "OH 
Radio-Frequency Emission Near Very Bright H II. Reg­
ions", Astron. J. 71, 184 (1966). 

f66V1 D. R. W. Williams. N. H niptpr, :md H. Weaver, "Linear 

Polarization of the Emission from the OH Molecule", 
Astron.l. 71, 186 (1966). 

[67G] A. H. Barrett, "Radio Observations of Interstellar Hydroxyl 
Radicals", Science 157, 881 (1967). 

[67H] A. H. Cook, "Brightness and Temporal Variation of Radio 
Emission from GalacticOH", Nature 214,689 (1967). 

[671] R. D. Davies, B. Rowson, R. S. Booth, A. J. Cooper, H. 
Gent, R. L. Adgie, and J. H. Crowther, "Measurements 
of OH Emission Sources with an Interferometer of High 
Resolution", Nature 213, H09 (1967). 

[67JJ F. F. Gardner, R. X. McGee, and B. J. Robinson, "18 em 
OH-Line Radiation from NGC 6334", Aust. 1. Phys. 20, 
309 (1967). 

[67K] C. V. Heer and R. A. Settles, "Theory for the Anomalous 
Polarization of Cosmic OH-18 em Radiation and for 
Hyperfine Lasers", 1. Mol. Spectrosc. 23,448 (1967). 

[67L] C. V. Heer and R. A. Settles, "Theory for the Polarization 
of the Four CosIl)ic OH 18-cm Lines", Phys. Lett. A, 
24A, 484 (1967). 

[67M] V. A. Hughes, "Mechanism fOT Anomalous OH Emission 
from HI Regions", Nature 215, 942 (1967). 

[67N] I. D. Johnston, "A Mechanism for Maser Action of OH 
Molecules in Interstellar Space", AstrophYs. J. 150, 33 
(1967). . -

[670] T. K. Menon, "The Nature of OH Emission Sources in the 
Galaxy", Astrophys. J. 150, LI67 (1967). 

[67P] P. G. Mezger, W. Altenhoff, J. Schraml, B. F. Burke, E. C. 
Reifenstein, III, and T. L. Wilson, "A New Class of 
Compact H II Regions Associated with OH Emission 
Sources", Astrophys. J. 150, Ll~"l (lY67). 

[670] P. G. Mezger, J. Schraml, and Y. Terzian, "Galactic H II 
Regions. III. The Nature of the Radio Source W49", 
Astrophys. J. 150, 807 (1967). 

[67R] R. X. McGee, F. F. Garducl, aUll B. J. Robinson. "OH 
Observations in the Directions of Galactic Thermal 
Sources", Aust. J. Phys. 20,407 (1967). 

[67S] J. M. Moran, A. H. Barrett, A. E. E. Rogers, B. F. Burke, 
B. Zuckerman, H. Penfield, and M. L. Meeks, "Observa­
tions of OH Emission in the H II Region W3 with a 74400 
'A Interferometer", Astrophys. J. 148, L69 (1967). 

[67T] 1. M. Moran, P. P. Crowther, B. F. Burke, A. H. Barrett, 
A. E. E. Rogers, J. A. Ball, 1. C. Carter, and C. C. Bare, 
"Spectral Line Interferometry with Independent Time 
Standards at Stations Separated by 845 Kilometers", 
Science 157,676 (1967). 

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 

(67U] P. Palmer and B. Zuckerman, "Observations of Galactic 
OH", Astrophys. J. 148, 727 (1967). 

[67V] E. Raimond and B. Eliasson, "Possible Relation Between an 
OH Source and an Infrared Object in the Orion Nebula", 
Astrophys.1. 150, LI7l (1967). 

[67W] B. J. Robinson and R. X. McGee,"OH Molecules in the 
Interstellar Medium", Ann. Rev. Astron. Astrophys. 5, 
183 (1967). 

[67X] A. E. E. Rogers, J. M. Moran, P. P. Crowder, B. F. Burke, 
M. L. Meeks, J. A. Ball, and G. M. Hyde, "The Positions 
and -Angular Extent of OH Emission Associated with the 
H II Regions W3, W24, W49, and NGC 6334", Astrophys. 
J. 147, 369 (1967). 

[67Y] H. G. Van Bueren and A. D. Fokker, "The Radio Emission 
of Interstellar OH-Molecules", Ned. Tijdschrift Natuurkde 
(Netherlands), 32, 108 (1967l. -

[67Z] B. Zuc}<erman, Patrick Palmer, and H. Penfield, "A Search 
for the A-Doublet Transition in the 2fl 1l2 . J = 1/2 State of 
OH", Nature 213, 1217 (1967). 

[fiRnJ A H R"rrptt, "lbrlio Signa)" From Hydroxyl- Radicals", 

Sci. Amer. 219,36 (1968). 
[68E] J. A. Ball and M. L. Meeks, "Observations of Galactic OH 

Emission", Astrophys. J. 153,577 (1968). 
[68F] J. A. Ball and D. H. Staelin, "Classification of OH Radio 

Emission Sources",.. Astrophys. J. 153, L41 (1968). 
[68G] A. H. Cook, "Elementary Models for Stimulated Radio 

Emission from Interstellar OH", Mon. Not. Roy. Astron. 
Soc. 140,299 (1968). 

[68H] J. Czarny and P. Felenbok, "Very High Resolution Study of 
the Transition B 22,+ -A 22, - of OH and OD Using a High 
Frequency Source Designed for the Purpose", Ann. Astro­
phys. 31, 141 (1968). 

[681] 1. Ellder, "OH Spectral Line Measurements of Radiation 
From the Galactic H II Regions W3 and W 49 at 1665 
MHz", Res. Lab. Electr.onics., Chalmers Univ. Tech., 
Gothenburg, Sweden, Res. Rept. # 87. 3 (1968). 

[681] G. B. Field, P. A. Aannestad, and P. M. Solomon, "Produc-
tion of OH Molecules in Interstellar Shock Waves", 
Nature 217, 435 (1968). 

[68K] T. Gold, "Maser Action in Space", Interstellar Ionized 
Hydrogen, Y. Terzian, Ed., W. A. Benjamin, Inc. New 
York, 747 (1968). 

[68L] W. M. Goss, "OH Absorption in the Galaxy", Astrophys. J. 
Supp. IS, 131 (1968). 

[68M] W. M. Goss and B. J. Robinson, "OH Emission at 1720 
MHz in the Direction of Non-Thermal Galactic Sources", 
Astrophys. Lett. 2, 81 (1968). 

[68N] C. E. Heiles, "Normal OH Emi!>sion and Interstellar Dust 
Clouds", Astrophys. J. 151,919 (19681. 

[680J M. M. Litvak, "Ultraviolet and Infrared Pumping of OH 
Molecules", Interstellar Ionized Hydrogen. Y. Terzian, 
Ed., W. A. Benjamin, Inc. New York, p. 713 (1968). 

[68P] -J. M. Moran, Jr., "Interferometry of OH Sources", Interstel-
lar Ionized-Hydrogen, Y. Terzian. Ed., W. A. BenJamm, 
Inc. New York, j. 681 (1968). 

[680] J. M. Moran, Jr .. B. F. Burke and A. H. Barrett, "Long 
Baseline OH Interferometry", Astron. J. 73, S108 (1968). 

[68R) J. M. Moran, B. F. Burke. A. H. Banctt, A. E. E. nU!;;~I~, 

J. A. Ball, J. C. Carter, and D. D. Cudaback, "The 
Structure of the OH Source in W3", Astrophys. 1. 152, 
L97 (1968). 

[68S] B. 1. Robinson and W. M. Coss, "Interplanetary Scintillation 
of the· OH Emission at 1665 MHz from Sagittarius B2", 
Astrophys. Lett. 2, 5 (1968), 

[6811 A. E. E. Rogers, "Theory of Non-Thermal Emission from 
Interstellar OH", Interstellar Ionized Hydrogen, Y. Ter­
zian, Ed., W. A. Benjamin, Inc. New York, p. 605 (1968). 

[68U] P. M. Solomon, "Formation and Chemical Pumping of OH 
Molecules". Nature 217, 334 {l968). 





MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 357 

[68V] 

[68W] 

I 68X] 

[68Y] 

[68Z] 

[69H] 

[691] 

[691] 

[69K] 

[69L] 

[69M] 

[69N] 

[690] 

[69P] 

[69Q] 

[69R] 

[69S] 

[69'D 

[69U] 

[69V] 

[69W] 

[69X] 

[69y] 

K. Takakubo, "OH Emission and Nebular Filaments",Sci. 
Rep. Tohoku Univ. First Ser. (Japan), 51, 15 (1968). 

H. Weaver, "OH in the Galaxy", Interstellar Ionized Hydro­
gen, Y.Terzian, Ed., W.A. Benjamin, Inc. New York, 645 
(1968). 

H. Weaver, N. H. Dieter, and D. R. W. Williams, "Obser­
vations of OH Emission in W3, NGC 6334, W 49, WSl, 
W75, and Ori A," Astrophys. J. Suppl. 16,219 (1968). 

W. J. Wilson and A. H. Barrett, "Discovery of Hydroxyl 
Radio Emission from Infrared Stars", Science 161, 778 
(1968). 

B. Zuckerman, P. Palmer, H. Penfield, and A. E. Lilley, 
"Detection of Microwave Radiation from 2D 1I2 • J = 1/2 
State of OH", Astrophys. J. 153, L69 (1968). 

R. S. Booth, "OH Emission and the Infrared Star in VY 
Cani!! Majoris", Nature 224, 783 (1969). 

A. H. Cook, "The Hydroxyl Molecule in Interstellar Space", 
Physica 41, 1 (1969). 

A .. H. Cook, "Pumping Mechanisms for Maser Action in 
Galactic OH", Nature 220,44 (1969). 

D. D. Cudaback and C. Heiles, "A Survey of Dust Clouds 
for OH Emission", Astrophys. J. 155, L21 (1969). 

B. Eliasson and J. F. Bartlett, "Discovery of an Intense OH 
F.mi ..... ion SOIlrC'P" , A .. trophyi':. J. 155, 1.79 (19691. 

J. Ellder,. B. Ronnang, and A. Winnberg,"New OH Radio 
Emission Sources in Cygnus", Nature 222, 67 (1969). 

G. F. Gahm and R. R. Zappala, "The Possible OH Source 
BC Cygni", Publ. Astron. Soc. Pacific, 81,887 (1969). 

W. M. Goss, B. J. Robinson, and R. N. Manchester, "Time 
Variation in the Polarization of OH Emission from NGC 
6334B", Proc. Astron. Soc. Australia, 1,214 (1969). 

C. Heiles, "Temperatures and OH Optical Depths in Dust 
Clouds," Astrophys. J. 157, 123 (1969). 

A. R. Hyland, E. E. Becklin, G. Neugebauer, and G. 
Wallerstein, "Observations of the Infrared Object, VY 
Canis Majoris", Astrophys. 1. 158,619 (1969). 

M. M. Litvak, "Hydroxyl and Water Masers in Protostars", 
Science 165,855 (1969). 

M. M. Litvak, "Infrared Pumping. of Interstellar OH", 
Astrophys. J. 156,471 (1969). 

M. M. Litvak, B. Zuckerman, and D. F. Dickinson, "Condi­
tions for Microwave Radiation from Excited OH A-Doublet 
States", Astrophys. J. 156,875 (1969). 

R.N. Manchester, W. M. Goss, and B. J. Robinson, "A 
New Type of Wideband 1665 MHz OH Emission", Astro­
phys. Lett. 3, 11 (1969). 

R. N. Manchester, W. M. Goss, and B. J. 
Robinson, "Occultation Positions of the 1665 MHz OH 
Emission From G 0.7-0.0", Astrophys. Lett. 4,93 (1969). 

R. N.· Manchester, W. M. Goss, and B. 1. Robinson, "A 
Wideband OH Emission Course"., Proc. Astron. Soc. 
Australia, I, 212 (1969). 

P. Palmer and B. Zuckerman, "Observations of Excited 
State OH", Bulletin of the American AstronomIcal SocIety 
I, 358 (1969). 

J. M. Pasachoff, G. A. Gottlieb, L. E. Snyder, D. Buhl, P. 
Palmer, B. Zuckerman, and D. F. Dickinson, "Search for 
New Mil;luwHvc Sl1cctlal Line:; f'rorn Ii.ter:;tellar Mule­

cules and Atoms", Am. Astronomical Soc. Mtg., New 
York (1969). 

[69Z] E. Raimond and B. Eliasson, "Positions and Stokes Param-
eters of Seven OH-Emission Sources", Astrophys. 1. 
155,817 (1969). 

[69AA] B. J. Robinson, W. M. Goss, and R. N. Manchester, "A 
Thermal Source With Strong 1612 MHz OH Emission", 
Proc. Astron. Soc. Australia, 1,211 (1969). 

I 69AB] R. H. Rubin and B. E. Turner, "Radio Observations of 
Nebulae K3-SO and NGC 6857", Astrophys. J. 157,- L41 
(1969). 

I 69AC] O. E. H. Rydbeck, J. Ellder, and E. Kollberg, "OH and 
Formaldehyde Radiation Properties of the W75 Region", 
Astrophys. J. 156, Ll41 (1969). 

[69AD] P. R. Schwartz and A. H. Barrett, "Observations of the 
2HI/2' J = 5/2 Excited State of OH in W3", Astrophys. 1. 
157, Ll09 (1969). 

[69AE] 1. S. Shklovskii, "The Nature of Sources of Maser Radiation 
in OH Lines", Astron. Zhurn. Akad. Nauk. SSSR 46, 3 
(1969), Sov. Astron. 13, 1 (1969). 

[69AF] B. E. Turner, "47 New Galactic OH Sources-Distribution 
and Preliminary Properties",. Bulletin of the American 
Astronomical Society 1,263 (1969). 

[69AG] B. E. Turner, "Observations of Satellite-Anomalous OH 
Emission Sources", Astrophys. 1. 157, 103 (1969). 

[69AH] B. E. Turner, "Search for Microwave Emission from the 
2D 1I2 • J = 3/2 State of OH", Astron. & Astrophys. 2, 453 
(1969). 

[69Al] B. E. Turner,"A Survey for Galactic OH Emission Sources", 
Astron. 1. 74,985 (1969). 

[69AJ] J. L. Yen, B. Zuckerman, P. Palmer, and H. Penfield, 
"Detection of the 2n3l2 . J = 5/2 State of OH at 5-
centimeter Wavelength", Astrophys. 1. 156, L27 (1969). 

[69AK] B. Zuckerman, J. A. Ball, D. F. Dickinson, and H. Pen 

field,"Time Variations in Galactic OH Emission Sources", 
Astrophys. Lett. 3, 97 (1969). 

[70E] 1. A. Ball, D. F. Dickinson, C. A. Gottlieb, and H. E. 
Radford. "The 3.S-cm Spectrum of OH: Laboratory Meas­
urement and Low-Noise Search in W3 (OH)", Astron. 1. 
75, 762 (1970). 

[70F] J. A. Ball and H. Penfield, "Search for I~OH in Emission", 
Astrophys. J. 160,349 (1970). 

[70G] J. A. Ball, B. M. Zuckerman, C. A. Gottlieb, and H. E. 
Radford, "18-cm Transitions in OliH and 01~H-Labo­
ratory and Astronomical Measurements", BulL Amer. 
Astron. Soc. 2, 293 (1970). 

[70H] A. G. Bromley, "On the Polarization of the IS-cm OH 
Emission", Proc. Astron. Soc. Australia, 1,347 (1970). 

[701] N. V. Bystrova, 1. V. Gosachinskii, T. M. Egorova, N. V. 
Karlov, B. B. Krynetskii, and N. F. Ryzhkov, "Determi­
nation of the Coordinate (R.A.) of Some Galactic Sources 
of Anomalously Excited Hydroxyl," Dokl. Akad. Nauk. 
SSSR, Ser. Mat. Fiz., 191, 791 (1970). 

[70J] J. L. Caswell and B. J. Robinson, "OH Emission at 1612 
MHz from VX Sagittarii", Astrophys. Lett. 7, 75 (1970). 

[70K] W. A. Coles and V. H. Rumsey, "Stokes Parameters for 
OH Sources", Astrophys. J. 159,247 (1970). 

[70L] D. Downes, "New OH Sources Associated With H II 
Regions", Astrophys. Lett. 5,53 (1970). 

[70M] 1. Ellder, "Some OH and Formaldehyde Properties of W3 
and W51 Regions", Res. Lab. Electronics, Chalmers 
Univ. Technology, Gotherburg, Sweden, Res. Rept. #96 
(1970). 

[70N] K. M. Evenson, 1. S. Wells and H. E. Radford, "Infrared 
Resonance of OH With the H20 Laser: A Galactic Maser 
Pump?", Phys. Rev. Lett. 25, 199 (1970). 

[700] F. F. Gardner, R. X. McGee, and M. W. Sinclair, "OIHH in 
SagIttarIus", Astrophys. Lett. 5,61 (PlIU). 

[70P] F. F. Gardner, J. C. Ribes, and W. M. Goss, "Emission of 

[70Q] 

[70R] 

[70S] 

[70T] 

[70U] 

[70V] 

the Excited State of OH at 6035 MHz from NGC 6334", 
Astrophys. Lett. 7,51 (1970). 

W. M. Goss, R. N. Manchester, and B. J. Robinson, "18-

cm Observations of Galactic OH from Longitudes 305° to 
334°", Aust. J. Phys. 23,559 (1970). 

C. Heiles, "Motions and Physical Conditions Inside Dust 
Clouds", Astrophys. 1. 160,51 (1970). 

M. M. Litvak, "Polarized Maser Emission From Interstellar 
OH and H20", Phys. Rev. A 2, 937 (1970). 

R. N. Manchester and M. A. Gordon, "Astronomical Meas­
urement of the lS-cm OH Transition Frequencies", Astro­
phys. Lett. 6,243 (1970). 

R. N. Manchester, B. J. Robinson, and W. M. Goss, "IS­
cm Observations of Galactic OH From Longitudes 128" to 
300"", Aust. J. Phys. 23, 751 (1970). 

R. X. McGee, "Atlas of OH I667 Line Profiles Near the 

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 





358 It A. 8EAUDET AND R. l. POYNTER 

Galactic Centre", Aust. J. Phys. Astrophys. Suppl. 17, 1 
(1970). 

[70W] R. X. McGee, "Hydroxyl Gas Clouds Near the Galactic 
Centre", Aust. 1. Phys. 23,541 (1970). 

[70X] R. X. McGee, J. W. Brooks, M. W. Sinclair, and R. A. 
Batchelor, "OH 1667 Line Absorption at 2° < C < 4°, 
-(f 30' < b" < 1°", Aust. 1. Phys. 23, 777 (1970). 

[70Y] R. X. McGee, F. F. Gardner, and M. W. Sinclair, "Measure-
ments of OH in Sagittarius A and B2", Proc. Astron. 
Soc. Australia 1,334 (1970). 

[70Z] P. Palmer and B. Zuckerman, "Observations of Interstellar 
OH at 4660 MHz", Astrophys. J. 161, Ll99 (1970). 

[70AA] B. J. Robinson, J. L. Caswell, and W. M. Goss, "Linear 
Polarization and Variability in the OH-Emission Form VY 
Canis Majoris", Astrophys. Lett. 7, 79(19701. 

[70AB] B. J. Robinson, W. M. Goss, and R. N. Manchester, "18-
cm Observations of Galactic OH From Longitudes 350° to 
50°", Aust. J. Phys. 23,363 (1970). 

[70AC] B. 1. Robinson and R. X. McGee, "OH Absorption at 1667 
MHz Near the Galactic Centre", Aust. 1. Phys. 23, 405 
(1970). 

[70AD] B. O. Ronnang, O. E. H. Rydbeck, and J. M. Moran, 
"Very Long Baseline Interferometry of Galactic OH 
Sources", Radio Sci. 5, 1227(1970). 

[70AE] B. O. Ronnang, O. E. H. Rydbeck, and J. M. Moran, 
"Very Long Baseline Interferometry of Galactic OH 
Sources", Res. Lab. Electronics, Chalmers Univ. Tech­
nology, Gothenburg, Sweden, Res. Rept. #100 (1970). 

[70AF] O. E. H. Rydbeck, E. Kollberg, and J. Ellder, "OH Excited~ 
State Emission from W75 Band W3 OH", Astrophys. J. 
161, L25 (1970) 

[70AG] O. E. H. Rydbeck, E. Kollberg, and J. Ellder, "OH Excited 
State Emissions From W75B and W3, OH", Res. Lab. 
Electronics, Chalmers Univ. Technology, Gothenburg, 
Sweden, Res. Rept. #97 (1970). 

[70AH] A. A. Sandqvist, "High-Frequency-Resolution Studies of H 
I, OH,and CH20 Absorption Spectra in Sagittarius A", 
Astron. J. 75, 135 (1970). 

[70Al] D. L. Thacker, W. J. Wil"on, and A. H. Barrett, "Observa-
tions of the zIl ll2 • J 112 State of OH", Astrophys. J. 
161, Ll91 (1970). 

[70AJ] B. E. Turner, "Anomalous Emission From Interstellar Hy-
droxyl and Water", J. Roy. Astron. Soc. Canada 64, 221 
(1970). 

[70AK] B. E. Turner. "Anomalous Emission From Interstellar Hy-
droxyl and Water", J. Roy. Astron. Soc. Canada 64, 282 
(1970). 

[70AL] B. E. Turner, "Fifty New OH Sources Associated With H II 
Regions", Astrophys. Lett. 6,99(1970). 

[70AM) B. E. Turner, "Masers in Space", Pub!. Astron. Soc. 
Pacific 82,996 (1970). 

[70AN] B. E. Turner, P. Palmer, and B. Zuckerman. "Detection of 
the 2n 312.J 7/2 State of Interstellar OH at a Wavelength 
of ~.2 Centimeters», Astrophys. J. 160, Ll25 (1970). 

[70AO] B. E. Turner and G. L. Verschuur, "An Attempt to Measure 
the Zeeman Splitting of 'Normal' Interstellar OH Lines", 
Astrophys. 1. 162, 341 (1970). 

[70AP] W. J. Wilsull and A. U. Ballt:LL, "OL",enatiol1:O; of Inter:5tdlar 

018H", Astrophys. Lett. 6,231 (1970). 
[70AQ] W. J. Wilson, A. H. Barrett, and J. M. Moran. "OH Radio 

Emission Associated With Infrared Stars", Astrophys. J. 
Astrophys. J. 160,545 (1970). 

[70AR] A. Winnberg, "Further Observations of Some OH Sources 
in Cygnus", Astron. & Astrophys. 9,259 (1970). 

[70AS] A. Winnberg and L. Lundahl, "A Search for OH 18-cm 
Emission in the Cepheus IV Association", Astron. and 
Astrophys. 9, 321 (1970). 

[70AT] B. Zuckerman and P. Palmer, "Observations of the 2n J12 • J 
112 State of Interstellar OH", Astrophys. 1. 159, L197 

(1970). 
[70AU] A. Zytkow, "Anomalous Interstellar OH Lines", Postepy 

Astron. 18, 226 (1970). 

J. Phys. Chem. Ref. Deta, Vol. 7, Nc. 1, 1975 

[70AV] A. Zytkow, "Maser Mechanism for the OH Lines", Postepy 
Astron. 18, 383 (1970). 

[711] J. A. Ball, "Observations of OH Radio Emission Sources", 
Report TR 458, MIT, Lexington, Mass. Contract AFl9 
(628}-5167 (1971). 

[711] J. A. Ball, C. A. Gottlieb, M. L. Meeks, and H. E. Radford, 
"Search for the 2n1/2. J :::: 5/2 Excited State of OH in 
W3", Astrophys. J. 163, L33 (1971). 

[71K] J. L. Caswell, B. J. Robinson, and H. R. Dickel, "A Search 
for Southern OH-IR Objects", Astrophys. Lett. 9, 61 
(1971). 

[71L] A. J. Cooper, R. D. Davies, and R. S. Booth, "Interferome-
tric investigations of Sources of OH Emi5sion-I. Obser­
vations With an Interferometer Baseline of 7 x lOs 

Wavelengths", Mon. Not. Roy. Astron. Soc. 152, 383 
(1971). 

[7 I I\1] G. F. Cahm and A. Winnberg, "OH Observations at the 
Positions of T Tauri Stars in the Taurus-Auriga Region", 
Astron. & Astrophys. 13,489 (1971). 

[7IN] F. F. Gardner and R. X. McGee, "OH-Line Absorption at 
1665 and 1667 MHz in the Direction of the Omega 
Nebula", Astrophys. Lett. 8,83 (1971). 

[710] F. F. Gardner and 1. C. Ribes, "Observations of the Excited 
Lines of OH Near 4700 MHz'" Astrophys. Lett. 9, 175 
(1971). 

[71P] F. F. Gardner, 1. C. Ribes, and M. W. Sinclair, "Observa-
tions of the 2D 1I2 • J = 1/2 Line of OH at 4660 MHz in 
Sagittarius B2", Astrophys. 1. 169, Ll09 (1971). 

[71Q] W. M. Gos~, J. L. Caswell, and B. J. Robinson, "OH 
Absorption in the Direction ofW44", Astron. Astrophys. 
14, 481 (1971). 

[71R] E. G. Hardebeck,"Accurate Position Measurements in the 
1720-MHz Line of OH", Astrophys. 1. 170,281 (1971). 

[71S] E. G. Hardebeck and W. J. Wilson, "Position Measurements 
of Main-Line OH/lnfrared Stars", Astrophys. J. 169, 
Ll23 (1971). 

[7 IT] L. A. Higgs, "A Survey of Microwave Radiation from 
Planetary Nebulae", Mon. Not. Roy. Astron. Soc. 153, 
315 (1971). 

[7lll] P. S. Julienne, M. Krauss, and B. Donn, "Formation of OH 
Through InYcr",c Prcdi",,,,oCiation", Aatrophya. J. 170, 6S 

(1971). 
[7IV] F. J. Keer and G. R. Knapp, "A Search for OH in Nine 

High-Latitude Selected .!\.reas", Astron. J. 76,993 (1971). 
[71W) A. Kurio. "Pllmping of TnlpTstpllHT OH Molp.~ulp!< hy PolHT-

ized Infrared Radiation", Sci. Rep. Tohoku Univ. First 
Ser., 54, 120 (1971). 

[7IX] M. M. Litvak. "The Meaning of the OH-H20 Maser Maps", 
Astrophys. 1. 170, 71 (1971). 

[7111 R. N. Manchester and M. A. Gordon, "Excitation Tempera-
tures of the IS-cm OH Transitions in an Ab"orbing 
Cloud", Astrophys. 1. 169,507 (l9il). 

[71Z] M. I. Paschenko, G. M. Rudnitskij. V. I. Slysh, and R. 
Fillit. "Measurement of the One-Dimensional Distribution 
Function of the Signals from Some Galactic OH Radio 
Sources", Astron. Tsirk .. #626 (1971). 

[7lAA] M. Paschenko, V. Slysh, 1. Struko\". R. Fillit. M. Gheudin. 
and N. Q: Rieu, "A Search for OH Emission From 
Infrared Objects at 1612 MHz". Astron. & Astrophys. 11, 
482 (1971). 

[7lAB] N. Q. Rieu, R. FilIit, and M; Gheudin. "OH Emission 
Sourcc,," A",:';ociutcd With Long-Period Variable Infrared 

Stars". Astron. & A"trophys. 14, 154119711. 
[7lAC] B. J. Robinson, J. L. Caswell. and H. R. Dickel. "Similarity 

of the OH Emissions from VX Sagittarii and VY Canis 
MHjOri~", A~tmrhys I.Ptt ft, 171 \1971\. 

[71AD] B. J. Robinson, J. L. Caswell, and W. M. Goss. "New OH 
Emission Sources", .Proc. Astron. Soc. Aust. 2, 36 (1971). 

[71AE] B. J. Robinson, J. L. Caswell. and W. M. Goss. "A 1665 
MHz OH Survey of the Southern Milky Way". Astrophys. 
Lett. 9, 5 (1971). 

[7lAF] B. J. Robinson, J. L. Caswell, and W. M. Goss, "Unusual 





MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 359 

OH Emission From a Mira Variable", Astrophys. Lett. 7, 
163 (1971). 

[7lAG] B. E. Turner, "Anomalous OH Emission From New Types 
of Galactic Objects", Astrophys. Lett. 8, 73 (1971). 

[71AH] B. E. Turner and C. Heiles,"Nonthermal OH Emission in 
Interstellar Dust Clouds," Astrophys. 1. 170, 453 (1971). 

[7lAI] G. L. Verschuur, "OH Emission From Interstellar H I 
Clouds", Astrophys. Lett. 7,217 (1971). 

[71AJJ G. Wallerstein, "The Optical Spectrum of the OH and 
Infrared Emitt~r VX Sagittarii", Astrophys. Lett. 7, 199 
(1971). 

[71AK] L. Weliachew, "Detection of Interstellar OH in Two External 
Galaxies", Astrophys. J. 167, L47 (1971). 

[71AL] B. Zuckerman, "A Doublet Radiation From OH Excited 
Rotational States", Highlights of Astronomy 2,391 (1971). 

[72G] L. Allen and G. I. Peters, ."Amplified Spontaneous Emission 
and OH Molecules in the Interstellar Medium", Nature, 
Phys. Sci. 235, 143 (1972). 

[72H] V. V. Burdyuzha and D. A. Varshalovich, "The Probabilities 
uf IlIfnutal <1l1U fiC1Uiu Tl<1l1l:>iliuul:> of Molecule::> OIl dnd 

CH", Astro. Zh. 49, 1211 (1972). 
[721] E. 1. Chaisson and D. F. Dickinson,"OH in the Hoffman 

Infrared Sources", Astrophys. Lett. 12, 119 (1972). 
[72.1] R. D. Davies, M. R. W. Masheder, and R. S. Booth, 

"Structure of the OH Infrared Object NML Cygnus", 
Nature, Phys. Sci. 237, 21 (1972). 

[72K] R. D. Davies and H. E. Matthews, "Physical Conditions in 
Interstellar Hydroxyl and Formaldehyde Clouds", Mon. 
Not. Roy. Astron. Soc. 156,253 (1972). . 

[72L] D. F. Dickinson and B. E. Turner, "Classification of New 
OH Sources", Astrophys. Lett. 11, 1 (1972). 

[72M] N. J. Evans, II, R. E. Hills, O. E. H. Rydbeck, and E. 
Kollberg, "Statistics of the Radiation From Astronomical 
Masers", Phys. Rev. A 6, 1643 (1972). 

[72N] R. Fillit, M. Gheudin, N .-Q. Rieu, M. Paschenko, and V. 
Slysh, "New OH Sources Associated With IR-Late-Type 
Stars", Astron. Astrophys. 21,317 (1972). 

[720] P. Goldreich and J. Y. Kwan, "On Parametric Down-
Conversion in Astrophysical Masers," Astrophys. J. 176, 
345 (1972). 

[72P] H. J. Habing, F. P. Israel, and T. de Jong, "On the 
Coincidence of OH Emission Sources and Bright Knots in 
H II Regions", Astron. Astrophys. 17, 329 (1972). 

[72Q] E. G. Hardebeck, "Interferometer Positions of Eighteen OH 
Emission Sources", Astrophys. J. 172, 583 (1972). 

[72R] A. R. Hyland, E. E. Becklin, J. A. Frogel, and G. Neuge-
bauer, "Infrared Observations of 1612 MHz IR/OH 
Sources", Astron. & Astrophys. 16,204 (1972). 

[72S] A. R. Hyland, R. A. Hirst, G. Robinson, and J. A. Thomas, 
"Infrared Observations of Some Southern IR-OH 
Sources", Astrophys. Lett. 11, 7 (1972). 

172T] G. R. Knapp and F. J. Kerr, "An Upper Limit on the- OH 
Abundance in the Intercloud Medium", .Astron. J. 77. 
649 (1972). 

[72U] V. S. Letokhov, "Cosmic Maser With Feedback", Astron. 
Zhurn. Akad. Nauk., SSSR, 49, 737 (1972); Sov. Astron. 
16, 604 (1973). 

172V] M. M. Litvak and D. F. Dickinson, "OH Infrared Stars", 
Astrophys. Lett. 12, 113 (1972). 

[72W] N.-Q. Rieu,"A Radical, Its Radiation and the Maser", Sci. 
Prog. Decouverte (France), #3442, p. 24 (1972). 

I72X] M. I. Pashchenko, "IS-em OH Absorption in the Direction 
of Cygnus X", Astron. Tsirk. #733, 1 (1972). 

[72Y] M. I. Pashchenko, "IS-em OH Emission From W 49A at 
Negative Velocities", Astron. Tsirk. #721, 3 (1972). 

172Z] G. I. Peters and L. Allen, "Models for OH Radiation From 
the Interstellar Medium", Astrophys. J. 176, L23 (1972). 

I 72AA] K. W. Riegel and R. M. Crutcher, "OH Observations of the 
Open Cluster NGC 2264", Astrophys. J. 172, Ll07 
(1972). 

I 72AB] B. O. Ronnang,"High Resolution Spectra of Some Strong 
Galactic OR Emission Sources", Res. Lab. Electronics, 

Onsala Space Obs., Chalmers Univ. Technology, Gothen­
burg, Sweden, Res. Rept. # 101 (1972). 

[72AC] G. M. Rudnitskij, V. S. Strel'nitskij, "Restrictions on Cosmic 
Maser Intensity and the Possibility of Detecting New OH 
and H20 Radio Sources in a Short-Term Sky Survey", 
Astron. Zhurn. Akad. Nauk. SSSR, 49, 1323 (1972), Sov. 
Astron. 16, 1049 (1973). 

[72AD] O. E. H. Rydbeck, J. EHder, E. KoHberg and B. Hoglund, 
"OH Excited State Emissions and Their Temporal Varia­
tions in W3(OHl.and W75B", Mem. Soc. R. Sci. Liege 3, 
507 (1972). 

[72AE] A. C. Selden, "Gain Parameters of Interstellar Masers", 
Phys. Lett. A, 40A, 355 (1972). 

[72AF] B. E. Turner, "OH and Formaldehyde Absorption in the 
Direction of Cygnus X-3", Nature, Phys. Sci. 239, 132 
(1972). 

[72AG] B. E. Turner, "On the Distribution of OH in the. Galaxy: I. 
Correlation With Continuum Sources and With Formalde­
hyde", Astrophys. J. 171,503 (1972). 

[72AII] A. J. Wiboll, n. D. DC1vit:l:>, C1I1U J. Elldt:l,"The Vdlidbility 

of the OH Source W3", Mon. Not. Roy. Astron .. Soc. 
157, 21P (1972). 

[72AI] W. 1. Wilson and A. H. Barrett, "Characteristics of OH 
Emission from Infrared Stars", Astron. & Astrophys. 177 
385 (1972). 

[72AJ] W. J. Wilson, P. R. Schwartz, G. Neugebauer, P. M. 
Harvey and E. E .. Becklin, "Infrared Stars with Strong 
1665/1667~MHz OHMicrowave Emission", Astrophys. J. 
177, 523 (1972). 

[72AK] B. Zuckerman, J. L. Yen, C. A. Gottlieb and P. 
Palmer, "Observations of the 2J1 3/2 • J := 5/2 State of 
Interstellar OH", Astrophys. 1. 177, 59 (1972). 

[73L] J. W. M. Baars and H. 1. Wendker, "The Radio Continuum 
Emission of the OH/IR-Source ON-4", Astrophys. Lett. 
13, 139 (1973). 

[73M] P. F. Bowers and R. H. Cornett, "Search for OH Emission 
from RV Tauri Stars", Astrophys. Lett. IS, 181 (1973). 

[73N] V. V. Burdyuzha and D. A. Varshalovich, "Infrared Pumping 
for Maser OH Sources Associated With H II Regions", 
Astron. Zhurn. Akad. Nauk. SSSR, 50, 481 (1973): SOY. 
Astron. 17, 308 (1973). 

[730] M. Cohen and A. Baudry, "The Possible Nature of Some 
Unusual OH Sources", Astrophys. Lett. 15, 151 (1973). 

[73P] R. M. Crutcher, "OH Observations of a Rotating Dust 
Cloud", Astrophys. Lett. 14, 147 (1973). 

[73Q] R. M. Crutcher, "Observations of OH Molecules in Inter-
stellar Dust Clouds", Astrophys. J. 185,857 (1973). 

[73R] A. Dymanus, "Interstellar Masers", Ned. Tijdschr. Natuurk 
(Netherlands) 39. 193 (1973). 

[73S] J. Ellder, "On a Transient OH Ground State Source in W 
75B" , Res. Lab. Electronics, Onsala Space Obs., Chal­
mers Univ. Technology, Gottenburg, Sweden, Res. Rept. 
# 116 (1973). 

[73T] 1. Eller, O. E. H. Rydbeck, and A. Sume, "Temporal 
Variations of OH Ground State Emissions in W51", Res. 
Lab. Electronics, Onsala Space Obs., Chalmers Univ. 
Technology, Gothenburg, Sweden, Res. Rept. # 117 
(l,}7::i). 

[73U] W. M. Goss, L. E. B. Johansson, J. Ellder, B. Hoglund, N.-
Q. Rieu, and A. Winnberg, "Extended OH Emission at 
1720 MHz", Astron. Astrophys. 28,89 (1973). 

[73V] W. M. Goss, 1. A. Lockhart, E. B. Fomalont, and E. G. 
Hardebeck, "Accurate Positions of OH Emission Sources 
at 1665 and 1667 MHz", Astrophys. J. 183,843 (1973). 

[73W] W. M. Goss, N.~Q. Rieu and A. Winnberg, "Microwave 
Characteristics of OH 0739-14 and the Planetary Nebula 
NGC 2438", Astron. & Astrophys. 29,435 (1973). 

[73X] W. D. Gwinn, B. E. Turner, W. M. Goss, and G. L. 
Blackman, "Excitation of Interstellar OH by the Colli­
sional.Dissociation of Water", Astrophys. J. 179, 789 
(1973). 

[73Y] L. M. Hall and D. ter Haar, "On the Polarization of the 

J. Phys. Chem. Ref. Data, Vol. 7, No.1, 1978 





360 R. A. BEAUDET AND R. L. POYNTER. 

Interstellar OH-Emission". Mon. Not. Roy. Astron. Soc. 
162,97 (1973). 

[732] L.A. Higgs, "A Study of the Radio Continuum Spectra of 
Planetary Nebulae", Mon. Not. Roy. Astron. Soc. 161, 
313 (1973). 

[73AA] G. R. Knapp and F. 1. Kerr, "OH Observations of Sixteen 
Interstellar Dust Clouds", Astron. J. 78,453 (1973). 

[73AB] S. H. Knowles, K. J. Johnston, ]. M. Moran, and J. A. Ball, 
"Interferometric Observations of the 2II3/2' J = 5/2 State 
of Interstellar OH", Astrophys. 1. ISO, LIl7 (1973). 

[73AC] L. T. Little, "Interstellar Scattering and the Angular Diam-
eters of OH Components", Astrophys. Lett. 13, 115 
(1973). 

[73AD] K. Y. Lo and K. P. Bechis, "Anomalous 172D.-MHz OH 
Emission from VI057 Cygni", Astrophys. J. 185, L71 
(1973). 

[73AE] W. D. Metz. "Interstellar Molecules: New Theory of Forma-
tion from Gases", Science 182,466 (1973), 

[73AF] P. C. Myers, "Observations of OH and H2CO Toward 
Galactic Dust Clouds", Astrophys. J. Suppl. Ser. #229, 
26, 83 (1973). 

[73AG] M. 1. Pashchenko, "The Distribution of Interstellar Hydroxyl 
in the Cygnus X Region", Astron. Zhurn. Akad. Nauk. 
SSSR, 50,685 (1973), Sov. Astron. 17,438 (1973). 

[73AH] M. L Paschenko and V. 1. Slysh, "lS-cm OH AbsQrption of 
W 49A and W 49B", Astron. & Astrophys. 26, 349 
(1973). 

[73AI] M. 1. Pashchenko, G. M. RudIlit~kij, alld V. I. Slpl" 

"Study of Probability Density of a Signal From Interstellar 
Hydroxyl Radio Lines", Izv. Vyssh. Ucheb. Zavedenij. 
Radiofizika 16, 1344 (1973). 

[73AJ] L. 1. Riekard, B. Zuckerman. and P. Palmer, "Detection of 
Thermal Absorption and Emission by OH in the 2II3/2, J 
= .5/2 Excited State", Bull. Amer. Astron. Soc. 5, 331 
(1973). 

[73AK] V. I. Slysh, "Re!-ionance Stark Effect in OH and H20 
Interstellar Masers", Astrophys. Lett. 14,213 (1973). 

[73AL] V. I. Slysh, "Two New OH Emission Sources in the W43 
Region", Astron. Tsirk. #798. I (1973). 

[73AM] B. E. Turner, "Nonthermal OH Emission in Interstellar 
Dust Clouds", Astrophys. ]. 186,357 (1973). 

[73AN] G. Wallerstein, "The Nature of the New OH Sources 
Discovered by Winnberg et al. at 1612 MHz", Astrophys. 
Lett. IS, 83 (1973). 

[73AO] T. L. Wilson. "A Minimum Kinematic Distance Estimate to 
the Non-Thermal Source in W 51 Based on OH Absorption 
Line Measurements", Astron. Astrophys. 25, 329 (1973). 

[73AP] W. 1. Wilson and K. W. Riegel, "The New Main-Line OH! 
In Stall''', A:-,llVll. A:.tHJpbp. 22, 473 (1973). 

[73AQ] J. E. Wink, W. J. Altenhoff, and W. J. Webster, Jr., 
"Interferometer Observations of W3(OH) at 2.695 GHz 
and 8.085 GHz", Astron. Astrophys,' 22, 2S1 (1973). 

[73AR] A. Winnberg, W. M. Goss, B. Hoglund, and L. E. B. 

Johansson, "New OH Sources Discovered at 1612 MHz", 
Astrophys. Lett. 13, 125 (1973). 

[73AS] A. Winnberg, H. J. Habing, and W. M. Goss, "Compact 
Radio Source Associated With the OH Source ON-l 
(OH69.5-1.0)". Nature, Phys. Sci. 243, 78 (1973). 

[74]] M. Allen, D. A. Cesarsky a.'1d R. M. Crutcher, "A Search 
for OD in the Galactic Center", Astrophys. J. 188, 33 
(1974). 

[74K] C. Andersson, L. E. B. Johansson, W. M. Goss,. A. 
Winnberg, and N.-Q. Rieu, "OH 26.5 + O.fr-a Strong 
OH Source at 1612 MHz", Astron. Astrophys. 30, 475 
(1974). 

[74L] A. Baudry, "The 2fl J12 . J = 1/2 State of OH, and the 
Infrared Stars Associated With H20lOH Microwave Emis­
sion", Astron. Astrophys. 32, 191 (1974). 

[74M] A. Baudry, "Observations of the Excited Lines of OH at a 
Wavelength of 6.3 cm", Astron. Astrophys. 33, 381 
(1974). 

[74N] P. F. Bowers, S. C. Simonson, III, and F. J. Kerr, "initial 

J. Phys. Chem. Ref. DatCl, Vel. 7, Ne. 1, i97S. 

Results of an OH Sky Survey at 1612 MHz", Bull. Amer. 
Astron. Soc. 6, 426 (974). 

[740] V. V. Burcijuzha, "The Cause of the Maximum Intensity of 
the 1665-MHz Radio Line in the OH Maser Sources 
Associated with H II Regions", Astrophys. Lett. IS, 189 
(1974). 

[74P] • V. V. Burdyuzha and T. V. Ruzmajkina, "A Possible 
Mechanism of the Formation of Maser OH and H20 
Sources Associated With Compact H II Zones", Astron. 
Zhurn. Akad. Nauk. SSSR, 51, 346 (1974), Sov. Aslron. 
18 (1974). 

[74Q] V. V. Burdyuzha and S. Ya Umanskii, "Chemical and 
Collisional Pumping of an Interstellar OH Maser", Astron. 
Zhurn. Akad. Nauk. SSSR 51, 669 (974), Sov. Astron. 
18,394 (1974). 

[74R] J. L. Caswell and B. 1. Robinson, "A 1667 MHz OH 
Absorption Survey of the Southern Milky Way", Aust. ]. 
Phys. 27, 597 (1974). 

[74S] J. L. Caswell and B. J. Robinson, "Positions and 1665 MHz 
Line Profiles for 10 Northern OH Emission Sources", 
Aust. ]. Phys. 27.629 (1974). 

[74T] E.· J. Chaisson, "A Correlation Study of Carbon Ions and 
Hydroxyl Molecules Toward Galactic Nebulae", Astron. 
1. 79, 555 (1974). 

[74U) H. R. Dickel and J. V. Wall, "The OH Absorption Against 
the Carina Nebula", Astran. Astrophys. 31,5 (1974). 

[74V] D. F. Dickinson and E. 1. Chaisson, "An OH Survey of the 
Hoffman lOO-f,t Sources", ASlfon. J. 79,938 (1974). 

[74W] W. M. Goss, A. Winnberg, and H. ]. Habing, "Detection of 
NML Cygnus at 2.8 cm", Astran. & Astrophys. 30, 349 
(1974). 

[74X] H. 1. Habing, W. M. Goss, H. E. Matthews, and A. 
Winnberg, "Identification of Type I OH Masers With 
Very Small H II Regions", Astron. Astrophys. 35, 1 
(1974). 

[74Y] S. Harris, "5 GHz Observations of Six OH Objects", Mon. 
Not. Roy. Astron. Soc. 166, 29P (1974). 

[742] P. J. Harvey, R. S. Booth, R. D. Davies, D. C. B. Whittet, 
and W. McLaughlin, "Interferometric Observations of the 
Structure of Main-Line OH Sources", Mon. Not. Roy. 
Astron. Soc. 169, 545 (1974). 

[74AA] B. Hoglund and C. Andersson, "Formaldehyde and OH 
Observations in the Direction of H I 21-cm Self-Absorption 
Features", Astron. Astrophys. 33,389 (1974). 

[74AB] V. A. Hughes and M. R. Viner. "W3(OH)", J. Roy. Astron. 
Soc. Canada 68, 266 (1974). 

[74AC) L. E. B. Johansson, B. Hoglund. A. Winnberg, N.-Q. Rieu, 
and W. M. Coss, "OH Observations Near the Reflection 
Nebulae NGC 2068 and NGC 2071", Asrrophys. J. 189, 
455 (1974). 

[74AD] D. A. Keeley, "The Saturation Behavior of Nonuniformly 
Pumped Masers", Astrophy". 1. 192,601 (1974). 

[71AE] W. H. Kegel, "Can OH-Sourccs Be Chcmieal Masers?", 

Astron. Astrophys. 32,227 (19741. 
[74AF] F. 1. Kerr and P. F. Bowers. "New OH Sources at 1612 

MHz", Astron. Astrophys. 36, 225 (1974). 
[74Ac,] E. F.. J.f'khl, .. Ah~orption of MIl~pr F.misfolion of W 7!1~ in il 

Hydroxyl Cloud", Astron. Zhurn. Akad. Nauk. SSSR. 
51, 1113 (1974), Sov. Astron. 18,657 (1975). 

[74AH] E. E. Lekht, G. A. Aitova. and G. M. Rudnitskii. "OH 
Absorption in the Galactic Cenlre Direction". A"lron. 
Zhurn. Akad. ~auk. SSSR 51, 681 (19741. So .... Astron. 
18,403 (1975). 

[74AI] J. R. D. Lepine and N.-Q. Rieu. "OH Emission Associated 
With Early-Type Stars". Astron. Astrophys. 36, 469 
(1974). 

[74AJ] M. M. Litvak, "Coherent Molecular Radiation", Ann. Rev. 
Astron. Astrophys. 12,97 (l974). 

[74AK] M. R. W. Masheder, R. S. Booth. and R. D. Davies. "The 
Structure of FOllr 1612 MHz OH Emission Sources", 
Mon. Not. Roy. Astron. Soc. 166,561 (1974). 

(74AL] M. 1. Pashchenko and V. 1. Slysh."A Map of the OH 





MICROWAVE SPECTRUM OF THE HYDROXYL RADICAL 361 

Absorption in the Direction of W 28", Astron. Astrophys. 
35, 153 (1974). 

[74AM] S. A. Pustil'nik, "On the Nature of OH Sources Near 
Supernova Remnants", Astrofiz. Issled. Izv. Spets. As­
trofiz. Obs. 6, 16 (1974). 

[74AN] B. J. Robinson, J. L. Caswell, and. W. M. Goss, "IS-cm 
Observations of 19 New Southern OH Emission Sources", 
Aust. J. Phys. 27, 575 (1974). 

[74AO] R. Sancisi, W. M. Goss, C. Anderson, L. E. B. 'Johansson, 
and A. Winnberg, "OH and HI Observations of the 
Perseus OB 2 Dust Cloud", Astron. Astrophys. 35, 445 
(1974). 

[74AP] V. 1. Slysh, "OH Absorption in the Direction of W51. I. 
Observations", Astron. Zhurn. Akad. Nauk. SSSR. 51, 
470 (1974), Sov. Astr. 18, 278 (1974). 

[74AQ] V. I. Slysh, "OH Absorption in the Radio Source W51. II. 
Distribution of Absorbing Gas", Astron. Zhurn. Akad. 
Nauk. SSSR, 51,685 (1974), Sov. Astron. 18, 405 
(1975). 

[74AR] V. I. Slysh. "OH Absorption in the Source W22". Astron. 
Zhurn. Akad. Nauk. SSSR, 51, 912 (1974), Sov. Astron. 
18, 537 (1975). 

[74AS] D. ter Haar and M. A. Pelling, "Interstellar Hydroxyl and 
Water Masers and Formaldehyde Masers and Dasars", 
Rep. Prog. Phys. 37,481 (1974). 

[74AT] B. E. Turner,"Detection of OH at lS-cm Wavelength in 
Comet Kohoutek", Astrophys. J. 189, LI37 (1974). 

[74AU] B. E. Turner and C. E. Heiles, "On the Relationship of OH 
and Formaldehyde With Interstellar Extinction", Astro­
phys. J. 194,525 (1974). 

[74AV] J. B.Whiteoak and F. F. Gardner, "Observations of OH in 
NGC 4945 and NGC 253", Astrophys. Lett. IS, 211 
(1974). 

[74A W] D. A. Williams, "Hydroxyl and Formaldehyde Production in 
the Interstellar Clouds Observed by Davies and Mat­
thews", Observatory, 94,66 (1974). 

[74AX] c. G. Wynn-Williams, M. W. Werner, and W. J. Wilson, 
"Accurate Positions of OH Sources", Astrophys. 1. 187, 
41 (1974). 

[74A Y] B. Zuckerman and P. Palmer, "Radio Radiation From 
Interstellar Molecules", Ann. Rev. Astron. Astrophys. 
12, 279 (1974). 

[751] B. Baud, H. 1. Habing, H. E. Matthews, 1. D. O'Sullivan, 
and A. Winnberg, "A Very High Velocity 1,612-MHz OH 
Source Near the Galactic Centre", Nature 258, 406 
(1975). 

[751] P. F. Bowers, "The Galactic Distribution and Kinematics of 
OH Stars (A Preliminary Discussion)", Proc. Astron. Soc. 
Australia 2, 362 (1975). 

[75K] P. F. Bowers, «On the Light Curn;:,; uf OII-MiI"<l V<ui-

abIes", Astron.Astrophys. 39,473 (1975). 
[75L] P. F. Bowers, "1612-MHz Survey of M Supergiants", Astron. 

J. 80, 512 (1975). 
[75M] V. V. Burdjuzha and T. V. Ruzmaikina, "On the Nature of 

Maser Sources in Infrared Stars", Astron. Astrophys. 40, 
233 (1975). 

[75N] J. Caswell and R. Haynes,"New 1612 MHz OH Emission 
Sonrp.p.!'.", Mon. Not. Roy. A!'.trnn. Soc. 173. 649 (1975). 

[750] B. T. Cato, B. O. Ronnang, P. T. Lewin, O. E. H. 
Rydbeck, K. S. Yngvesson, A. G. Cardiasmenos, and 1. 
F. Shanley, "Maser Radiometer Observations of Water 
Vapor Emission From H II Regions and IR Stars", Res. 
Lab. Electronics, Onsala Space Obs., Chalmers Univ. 
Techn., Gothenburg, Sweden, Res. Rep. # 123 (1975). 

[75P] E. J. Chaisson "and R. F. Wilson, "A Microwave Investiga-
tion of the Trifid Nebula and Its Surrounding Environ­
ment", Astrophys. J. 199,647 (1975). 

f75Q] A. H. Cook, "On the Structure of Hydroxyl Maser Sources", 
Mon. Not. Roy. Astron. Soc. 171, 605 (1975). 

175R] D. R. Crosley and R. K. Lengel, "Relative Transition 
Probabilities and the Electronic Transition Moment in the 

Z-X System of OH", J. Quant. Spect. Rad. Trans. IS, 
579 (1975). 

I [75S] 1. Crovisier, R. Fillit, I. Kazes, and A. Baudry, "HI and OH 
Observativns Toward W3", Astron. Astrophys. 45, 97 
(1975). 

[7ST] R. M. Crutcher, N. J. Evans, II, T. Troland, and C. Heiles, 
"OH Zeeman Observations of Interstellar Dust Clouds", 
Astrophys. J. 198,91 (1975). 

[75U] D. Downes, A. Winnberg, W. M. Goss, and L. E. B. 
Johansson, "Radio Sources Near Reflection Nebulae in 
Monoceros", Astron. Astrophys. 44,243 (1975). 

[75V] M. Elitzur, P. Goldreich, and N. Scoville, "A Model for the 
1612 MHz Masers in OH-IR Stars", Report 1974-13, 
Owens Valley Radio Observatory, Pasadena, California 
(1975). 

[75W] F. Gardner and 1. Whiteoak, "The Groundstate OH Spec~ 
trum of the Galaxy NGC 253", Mon. Not. Roy. Astron. 
Soc. 173, 77P (1975). 

[75X] F~ F. Gardner and J. B. Whiteoak, "GO. 55-0. 85, an H II 
Rp.e;ion-Molp.p.lllar f:lollcl f:omplex". Mon. Not. Roy. As­
tron. Soc. 171, 29P (1975). 

[75Y] P. T. Giguere and F. O. Clark, "Radio Search for HC3N, 
HCN, OH, and Detection of US. 19 in Comet Kohoutek", 
Astrophys.JJ. 198, 761 (1975). 

[7SZ] A. G. Gorshkov, M. G. Larionov, and M. V. Popov, 
"Apparent Distribution of Radio Sources", Pis'ma '! As­
tron. Zhurn. 1, 19 (1975). 

[75AA] W. M. Goss, I. A. Lockhart, and E. B. Fomalont, "An 
improved 1665 MHz Position tor W::S (OH)", Astron. 
Astrophys. 40, 439 (1975). 

[75AB] c. Heiles and M. A. Gordon, "A Comparative Study of 
H2CO, OH, and H I in the Dark Taurus Dust Cloud", 
Astrophys. J. 199, 361 (1975). 

[75AC] V. A. Hughes and M. R. Viner, "The Companion Object to 
W3(OH)", Mon. Not. Roy. Astron. Soc. 173, 73P (1975). 

[75AD] R. M. Humphreys, "On the Distances and Velocities of M 
Supergiants Associated with OH and H20 Emission 
Sources", Publ. Astron. Soc. Pacific 87, 433 (1975). 

[75AE] B. Huron and F. Tran Minh,"On OH Formation in Collision 
Between Hand 0-", Astron. Astrophys. 38, 165 (1975). 

[75AF] W. H. Kegel, "On the Influence of Dust on the Effectiveness 
of OH Maser Sources", Astron. Astrophys. 44,95 (1975). 

[?5AG] E. E. Lekht, "Absorption of Maser Radiation of W75S in 
the Hydroxyl Cloud", Sov. Astron. Zh. 18,657 (1975). 

[75AH] E. E. Lekht, G. A. Aitova, and G. M. Rudnitskii, "OH 
Absorption in the Direction of the Galactic Center", Sov. 
Astron. AJ (USA) 18, 403 (1975). 

[75AI] E. E. Lekht, G. M. Rudnitskii, O. Franquelio, and J.-P. 
Drouhin, "Statistical Properties of the Emission of OH 
Maser Sources", Sov. Astron. Lett. 1,37 (1975). 

[75AJ] E. E. Lekht, G. M. Rudnitskii, O. Franquelin, and J.~P 
Drouhin, "Study of Statistical Properties of Emission of 
OH Maser Sources", Pis'ma v Astron. Zhurn I, 29 
(1973). 

[75AK] K. Y. Lo, R. C. Walker, B. F. Burke, J. M. Moran, K. 1. 
Johnston, and M. S. Ewing, "Evidence for Zeeman 
Splitting in 172O-MHz OH Line Emission", Astrophys. J. 
202, 650 (1975). 

[75AL] G. L. Mader, K. 1. Johnston, and J. M. Moran, "The 
Relative Positions of the OH and H20 Masers in W49N, 
W3(OH), and W51", Bull. Amer. Astron. Soc. 7, 417 
(1975). 

[75AM] G. L. Mader, K. J. Johnston, J. M. Moran, S. H. Knowles, 
S. A. Mango, P. R. Schwartz, and W. B. Waltman,"The 
Relative Positions of the OH and H~O Masers in W49N 
and W3(OH)", Astrophys. 1.. 200, LIll (1975). 

[7SAO] M. I. Pashchenko, "New OH-Emission Source W33C", 
Astron. Tsirk, #885 (1975). 

[75AP] M. I. Pashchenko, "Observations of the OH Source in W 
44 at 18 cm Wavelength", Pis'ma v Astron. Zhurn. I, 23 
(1975). 

J. Phys. Chern. Ref. Data, Vol. 7, No.1, 1978 





R. A, 81;AUDI;T AND R> t. POYNTI;R 

[75AQ] 

[75AR] 

}5AS] 

(75AT] 

(75AU] 

(75A V] 

[75AW] 

[75AX] 

[75AY] 

[75AZ] 

[761] 

(76J] 

[76K] 

[76L] 

[76M] 

[76N] 

M. J. Reid and D. O. Muhleman, "VLBI Observations of 
OHlIR Stars", Report 1974-14, Owens Val1ey Radio Ob­
servatory, Pasadena, California. 

L. J. Rickard, B. Zuckerman, and P. Palmer, "Observations 
of Quasi~Thermal and Maser Phenomena in Rotationally 
Excited OH I", Astrophys. 1. 200,6 (1975). 

V. I. Slysh, "Investigation of OH Absorption in the Trifid 
Nebula (M20)", Pis'ma v Astron. Zhurn. 1, 12 (1975). 

V. I.Slysh, "OH Radio Absorption in the Trifio Nebula 
M20",Sov. Astron. Lett. 1, 161 (1975). 

V. I. Slysh, "Spatial Distribution of OH Absorption in the 
Source NGC 6334", Astron. Zhurn. Akad. Nauk. SSSR 
52, 26 (1975); Sov. Astron. 19, 14 (1975). 

D.· A. Varshalovich and V. V. Burdyuzha, "Polarization of 
Cosmic OH Maser Emission", Astron. Zhurn. Akad. 
Nauk. SSSR 52, 1178 (1975) .. 

J. B. Whiteoak and F. F. Gardner, "Anomalies in the 18 cm 
OH Lines in the Galaxy NGC 4945", Astrophys. J. 195, 
L81 (1975). 

J .. B. Whiteoak and F. F. Gardner, "A Narrow Emission 
Line Near 1720 MHz in the Direction .of Sgr. A". Mon. 
Not. Roy. Astron. Soc. 173, 25P (1975). 

A. Winnberg, N.-Q. Rieu, L. E. B. Johansson, and W. M. 
Goss, "Positions of OH Sources Discovered at 1612 
MHz", Astron. A$trophys. 38, 145 (1975). . 

K. S. Yngvesson, A. -G. Cardiasmenos, 1. F. Shanley, O. E. 
H. Rydbeck, and J. EHder, "Maser Radiometer Observa­
tions of Water Vapor anrl OH in Wp.:llc t.:llar.tif' OH 
Sources", Astrophys. J. 195,91 (1975). 

M. Bertojo, A. C. Cheung,and C H. Townes, "Collisional 
Excitatio~of Lambda Doublet Transitions in CH and 
OH", Astrophys.J. 208,914 (1976). 

J. H. Bieging, "Aperture Synthesis of 1667 MHz OH 
. Absorption in the Direction of the. Galactic Center", 
Astron. Astrophys. 51,289 (1976). 

R. J. Cohen and R. W. Few, "Observations of OH in the 
Galactic Center", Mon. Not. Roy. Astron. Soc. 176, 495 
(1976), . 

R. M. Crutcher and W. D. Watson, "Detection of Signifi­
cance of the Interstellar OR Line, Lambda 3078", Astro­
phys. 1. 203, Ll23 (1976). 

M. Elitzur, "Inversion of the OH 1720 MHz Line", Astro­
phys. J. 203, 124 (1976). 

M. Elitzur, P. Coldreich, and N. Scoville, "OH-lR Stars, 
Part II, A Morlf'l for the 1612 MHz Masers", Astrophy,;;. 
J. 205,384 (1976). 

I. Phys; Chem~Ref. Data, Vol. 7, No.1, 1978 

[760J 

[76P] 

[76Q] 

[76S] 

[76T] 

[76U] 

[76Yl 

(76X] 

[76Z] 

[76AB] 

[76A] 

[76AC] 

[76AD] 

[76AE] 

[76AF] 

[76AG] 

N. J. Evans, II, R. M. Crut~her,and W~ J.Wilson, 
"Accurate Positions of OH Emission Sources", Astrophys. 
J. 206, 440 (1976). 

W. M. Coss, A Winnberg, L E. Johansson, and A. Fournier, 
"OH Observations of the Dust Complex Lynds 1630 and 
of NGC 2024". Astran. Astrophys. 46. 1 (1976). 

G. M. Gruder and G. de Jager, "Time Variations in OH 
Emission of NGC 7538", Astron. Astiophys; 50, 313. 
(1976). 

R. H.Harten, "Observations of W3(Uf1) ({Yl;;;;.~+ 1)", As­
tron. Astrophys. 46, 109 (1976). 

J. A.Hughes and M. R. Viner, "Recomomation-Line Obser~ 
vations .of W3-:0H. Part J-A . ModeJ for OR+H,..n 
Emission", Astrophys. 1. 204,55 (1976). 

G. R. Knapp and R. L. Brown, "OH and H20 Masers in the 
Monoceros R2 Molecular Cloud", Astrophys. J. 204,21 
(1976). 

S. H. Knowles, J. L. Caswell,. and W. M. Coss, "EXCited 
OH Radiation from the 2D 3/2 • J = 5/2 State in Southern H 
II Rt::giuu::;", Mon. Not. Roy. Astron. Soc. 17 5, 537 
(1976). 

M. I. Paschenko, "Observations of the OHSource inW44 
at 18 em", SOy. Astr. Lett. 1,24 (1976). 

N.-Q. Rieu,A. Winnberg, J. Guibert, J. R. D. Lepine;L. 
E. B. Johansson, and W. M. Coss, "OH Radiation· frorr 
the Interstellar Cloud Medium", Astron. Astrophys. 46. 
413 (1976), (Erratum:. Astron. Astrophys. 49, 157(1976): 

W. H. Smith and E. G. 7wpihel, "RadiatjvePro~c33~ 
Affecting the Abundance of Interstellar OH",Astrophv~ 
J. 207, 758 (1976). 

T .. P. Snow, "The Detection of Interstel1arOH Absorpti( 
In the Zeta-Ophiuchi Cloud", Astrophys. J.204, Ll~{ 
(1976). 

L. E. Snyder, J.c. Webber, R. M; Crutcher, aridG.W . 
Swenson, Jr., "Radio Observations of OH in Corriet West 
1975N", Astrophys. J. 209, L49 (1976). 

W. T. Sullivan, III and J. H. Kerstholt, "Time Variations iIi 
IS-em OH Emission Profiles Over the Period 1965-1972". 
Astron. Astrophys. 51,427 (1976). 

D. A. Varshalovich and V. V. Elroyuzha, "Polariz~tionof 
Cosmic OH Masers", Sov. Astron. 19, 705 (l976)~ . 

1. B. Whiteoak and F. F. Gardner, "The Detection of ORin 
the Large Magellanic Cloud", Mon. Noi .. Roy. Astron. 
Soc. 176, 25P (1976), 

J.B. Whiteoak and F. F' Gardner; "OH Anomaliet' in tlIt:: 

Direction of the Galactic Center", Mon. Not. Roy. Astron. 
Soc. 174,627 (1976). 






