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ÏLé NO � He 6Ä·ÜíN�>, �)
-u�� NO (a4Πii ) ©f. |^1	� - ßÝN�áÂ1ÌEâ
ÿþ
 NO ©f3 12530— 12850 cm−1 ÅãS�áÂ1Ì, ¿I£Ñ b4Σ−—a4Πi(4, 0) �3TÅãS� 324 ^�
[Ì�. æ^IO 4Σ−—4Πi M�îþ�., ÏL��5���¦{[ÜÙ¥ 267 ^Ì�, [Üí� (0.0071 cm−1)

�C¢�XÚÿþØ� (0.007 cm−1). ¼��Ì�©f~ê�©zJø�~êÎÜ, ¿�[Ü��
°[(�©f
~ê.

'�c: ��z�, áÂ1Ì, ©f~ê

PACS: 42.62.Fi, 33.20.−t, 95.30.Ky

1 Ú ó

NO ©f3)·�Æ!�í�Æ!�¸�Æ�
+�k���^ [1,2]. |^1ÌÆEâ, <���
±YmÐé�«^�eT©fßÝ!Ó �´Ý
��ïÄ [3−5]. k' NO ©f>f��nØ�¢�
ïÄ���
2��'5. �9 NO ©f>f�m
�1ÌïÄ�®²CX
¤k1Ì«�.

�í¥, ½� NO ©f¹þé$. 3^ NO2,

NO ±9 N2 Ó O2 ·ÜíN�>¥, �±¼�?
u-u>f�� NO ©f.NO ©f�Ä�´ X2Π

�, T©f�Äª�[±9�� X2Π—A2Σ+

�m��[~^u&ÿèþ NO ©f�ßÝ [6−8].

NO ��$-u>f�´ a4Πi �, T>f��-
u>f� b4Σ− m��[Ì� uCù	«�.

�éu���m��[5`, o� b4Σ−—

a4Πi m�[�1Ì�A^ïÄ�é��. Huber |
^ Ar í� NO �6ÄíN�>, ¼�
 NO ©f
o� b4Σ−—a4Πi �p©EÇ1Ì [9], ¢�¥�
)� NO ©f�=Ä§Ý�p, Ï*ÿ��Ì

��°�°, ��Ì�UJ±¼�éÐ�I£.

Radloff �Äu�í��í��1�>1Ì, ïÄ

 u 790 nm � 850 nm �õ�Þ��G(�. ¦
�(Ü Huber �u�1Ìêâ [9], é u 790 nm

? ∆ν = 4 X�� (4, 0), (5, 1) ��[?1
� -

=©Û [10]. ��, ¦�?�Ú©Û
 u 850 nm

? ∆ν = 3 (3, 0), (4, 1), (5, 2) X��[, ��
�
'�Ä�~ê [11]. �
�Ñ�ÄÌ��8, 1Ì
Uî�"�, Huber �3 1984 c|^�(©få
Eâ¼�
=Ä§Ý�C 30 K � NO ©f1Ì, ¿
#é*ÿ��1Ì?1
�=I£�[Ü [12].

d�, ¦�r�(©få�Fp�C�1ÌEâ
(Ü [13], ��
CX��ù	Åã�$=Ä§Ý
�u�1Ì, ©Û
 b4Σ−—a4Πi XÚ3 13000—

4000 cm−1 «�� 14 ��=�1Ì, ¼�
þe�
�'�=U?�©f~ê [14].

��±5, NO ©fo� b4Σ−—a4Πi m�
1ÌïÄÑ´Äuu�1Ì?1�. u�1Ì�
©EÇ�é�$, ¤¼��1ÌªÇ�O(Ý'�
�, �ª¬��©f~ê� �. ~X, ©z [11]

� [14] ¤Jø� (4, 0) �����L 1 cm−1. d
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	, b4Σ−—a4Πi ��m�1Ì�UÉ� C2Π �
é a4Πi ��ý)lK�, ù«ý)l1ÌÏ~3
u�1Ì¥éJ*ÿ�.

�©|^1	� - ßÝN�1ÌEâ, láÂ
1Ì��Ý5ïÄ NO ©f b4Σ−—a4Πi �m�
1Ì�[. Äu�þp©EÇ1Ì�O(�[ªÇ,

�õ (4, 0) �1Ì�I£, ¼��°(�©f~ê.

2 ¢�0�

¢�C� [15,16] Xã 1 ¤«. T@C��±é
]�©f1Ì�©flf�1Ì?1ÀJ5ÿþ,

©O¡��ßÝN���ÝN�Eâ, ¢��n�
±ë�©z [15]. �©æ^�1	� - ßÝN� -

áÂ1ÌEâ5ÿþ NO ©fáÂ1Ì, TEâ·
^uÿþ]�©f (AO´V�f©f) �>f�
[1Ì (~X CO[16]). 1	�Eâq¡ªÇN�E
â, §´�«ÃáÂ�µ�1ÌÿþEâ. �N�
ªÇ�u 1 MHz �, -1�ÌÝÞáD(�±ü$
�ÑâD(�4�. ¢�¥æ^�N�ªÇ� 480

MHz, ¤¼�1Ìkép�&D'. ¢�¥^pØ
�6�>)¤-u�� NO ©f. pX NO íN
Ú He í·Ü6\�¬³�>, �>>6� 80 mA,

ªÇ� 23 kHz. -u� NO ©f�)¤ßÝÉ��
6�>ªÇ�N�. )¤ßÝ����>>Ø�ý
é�k', Ïd)¤ßÝ�N�ªÇ´�>ªÇ�
ü�. �)NªÇæ^N�ªÇ�ü��, �ÿþ
�-u� NO ©f�ßÝN�1Ì.

ã 1 ¢�¤ì�µã (EOM �>1N�ì)

¢�æ^ü��N��/v��-1ì (Co-

herent 899-29) ��1. 1ëÓÅ�O!��
�!�eXÚÚO�Å��Ü©, �¤
��-1
XÚ. v��-1ì�ÑÑõÇ�� 600 mW. ÙÑ
Ñ1²L©å¡©�üå, �å1^uÿþ I2 ©f
1Ì, ��ýéÅ�½I [17], O(Ý� 0.007 cm−1,

,�å1²L>1¬N (EOM) N�¢y 480 MHz

�ªÇN��, ÏL�¬³²&ÿì|8, ^u¼
�áÂ1Ì. l&ÿìÑ5�&Ò²���, dV
²ï·ªì (DBM) Ó�)N�2x£���ìé

�>ªÇ?1)N, ��Ñ\O�Å?1êâæ8.

3 1Ì�©Û

¼��Ü©1ÌXã 2 ¤«. lã¥�±w
Ñ, Ì��~�8, Ü©Ì��)îU. U�
�Ï5un��¡: Äk´Ï� NO ©f�o
� b4Σ−— a4Πi �[��k 48 �|�, ¤±Ì�
�8. Ùg, b4Σ−—a4Πi XÚ ∆ν = 4 X�� (4,

0), (5, 1) �3¤ïÄÅãk1ÌU. d	, NO ©
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f� He í��>, �)
�þ�í©f-u��
m�r��[Ì�, é NO �Ì�ÿþk�½Z6.

�©Ì�©Û (4, 0) ��1Ì�[.(4, 0) �
� (5, 1) �áu ∆ν = 4 ^S�, ùü���1Ì
ké��UÜ©, Xã 2 ¤«. 3I£� (4, 0) �
��, �k1Ì�{. é=ÄÌ��I£ë�
©
z [10, 11] �©z [14] �©f~ê�ÌL. AO´
©z [14] ��(©få1Ì, �Ñ
Ì��(�A
�, é·��¤p©EÇ1Ì�I£ké��Ï.

ÏLÖÌ�©ÛØä/}Á[Ü, ·�I£
 (4,

0) �� 324 �Ì�, I£(JXL 1 ¤«. ·�I
£�Ì�CX
 48 �|�¥� 38 �, =Äþfê
I£�pI£� 18.5.

·�|^ PGOPHER §S [18] Jø� b4Σ−—

a4Πi IO�M�îþÝ
�Ú��5���¦[
Ü§S[Ü
 NO ©f�1Ì~ê. þ� b4Σ− ´
o�, ÎÜ Hund 5K (b), =ÄU?Cq�±L
«¤ BN(N + 1), 3~ê[ÜL§¥, ·�O\

p��~ê, =[Ü
=Ä~ê B � D. Ù¥, =
Äþfê J �þfê N �'X� J = N − 3/2,

J = N − 1/2, J = N + 1/2 Ú J = N + 3/2. d	,

�[Ü
 b4Σ− ��g^ - g^�p�^~ê λ Ú
g^ - =Ä~ê γ. e� a4Πi ÎÜ Hund 5K (a),

o�f��â (Λ + Σ) 'X��� Ω �� −1/2,

1/2, 3/2 Ú 5/2, ��f��©�Cq^g^ - ;�
ÍÜ~ê A L«, [Ü�O\
p�� ADV . ,	,

�[Ü
 a4Πi ��=Ä~ê B � D!g^ - g^
�p�^~ê λ!±9 Π �� Λ ©�~ê o, p, q.
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ã 2 ¢�ÿþ�Ü©1Ìã (ã¥�Ü©Ì��I£
� NO ©f b4Σ−—a4Πi XÚ (4, 0) �� Q12 |�)

L 1 (NO ©f b4Σ−—a4Πi XÚ (4, 0) ��=ÄÌ�I£ (ü � cm−1)

J P13 Q14 P12 P11 Q34 R13 Q11 Q44 R12 P14 P24 P23

0.5 12636.541∗

1.5 12591.804 12599.398 12635.678 12679.736

2.5 12588.307 12671.833 12718.269 12601.037 12635.081 12720.745 12610.945 12585.780∗ 12588.494 12630.128

3.5 12622.100 12584.990 12666.791 12713.562 12602.795 12634.787∗ 12718.584 12679.450 12579.863 12585.150 12627.242

4.5 12581.812 12662.140 12709.330 12604.703 12634.698 12716.907 12619.615∗ 12679.879 12574.127 12581.973∗ 12624.631

5.5 12612.125 12578.789 12657.866 12705.562 12606.737 12634.909 12715.691 12624.164∗ 12680.662 12568.547 12578.922∗ 12622.293

6.5 12607.541 12575.924 12653.964 12702.271 12608.925 12635.381 12714.921 12628.858 12681.819 12563.143 12576.078 12620.235

7.5 12603.227 12650.430 12699.428 12611.287 12636.142 12714.623∗ 12633.711 12683.344 12557.903 12573.391

8.5 12599.205 12570.719 12647.263 12697.015 12613.823 12714.732 12685.235 12552.825∗ 12570.865

9.5 12595.437 12568.378 12644.451 12695.055 12715.283 12644.031∗ 12687.447∗ 12547.966 12568.521

10.5 12591.951 12642.011 12693.514 12640.017 12716.291 12649.418 12690.067 12566.378 12614.694

11.5 12588.722 12564.296 12639.893 12692.439∗ 12622.552 12641.849 12717.727 12655.022 12693.038∗ 12564.437 12614.002

12.5 12585.785 12562.577 12638.141 12691.742 12625.839∗ 12643.951 12719.558 12660.835 12696.280∗

13.5 a12583.163∗ 12561.063 12636.773∗ 12691.465 12629.354 12646.352 12721.83∗ 12666.874 12699.946

14.5 12635.677 12691.599∗ 12649.017 12724.42∗

15.5 12634.978 12692.085∗

16.5 12634.565∗ 12693.039

17.5 12694.371

18.5 12696.078

J P34 Q13 Q24 R14 P22 P33 P44 Q12 Q23 R24 P21 P32

0.5 12595.363 12598.067

1.5 12633.132 12594.432 12594.247 12677.225 12635.845 12599.531

2.5 12593.332 12629.962 12593.481 12593.305 12674.341 12635.247 12601.137 12720.939 12679.429

3.5 12592.573 12627.070 12592.665 12592.505 12672.005 12602.611∗ 12671.848 12634.908 12602.867 12718.742∗ 12679.513

4.5 12591.936 12624.445∗ 12592.003 12591.848 12669.901 12634.794 12604.471∗ 12669.735 12634.852 12604.764 12717.082 12679.921∗
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L 1 Y

J P34 Q13 Q24 R14 P22 P33 P44 Q12 Q23 R24 P21 P32

5.5 12591.415 12622.138 12591.496 12591.344 12668.157 12634.981∗ 12667.995 12635.063 12606.800 12715.846

6.5 12591.095 12620.069 12591.157 12590.967∗ 12666.758 12666.624 12635.531 12608.975 12715.078 12681.948∗

7.5 12590.886∗ 12616.769 12590.955 12590.823 12636.768∗ 12665.625 12636.279 12611.328 12714.737∗

8.5 12590.886 12616.769 12590.955 12590.823 12665.110 12637.224∗ 12664.963 12714.865∗

9.5 12591.084 12615.515 12591.157∗ 12591.096∗ 12664.828 12664.685 12616.577 12715.445

10.5 12614.559 12591.515 12640.130∗ 12619.496 12716.441

11.5 12592.046 12613.871 12591.956 12641.981 12717.839∗

12.5 12613.462 12592.742 12644.061∗

J P43 Q22 Q33 R23 R34 P31 P42 Q21 Q32 Q43 R11 R22

0.5 12602.952

1.5 12606.995 12648.200

2.5 12642.495 12611.112 12725.859 12686.878 12652.699

3.5 12644.696 12644.934 12615.393 12726.261 12689.467 12726.351 12689.623∗ 12657.435

4.5 12647.156 12647.398 12619.79 12727.129 12727.199 12692.617 12662.439

5.5 12649.878 12650.115 12624.361∗ 12728.431 12695.759 12728.498 12695.939 12667.719

6.5 12652.876 12653.131 12629.054 12730.201 12699.429 12730.258 12699.662∗ 12673.260

7.5 12656.138 12656.412∗ 12633.920 12703.523∗ 12732.473 12703.671

8.5 12659.676 12659.929 12638.987∗ 12735.061 12707.861 12735.126 12708.068 12685.107

9.5 12663.712∗ 12644.201 12738.174 12712.636

10.5 12667.567 12649.623

J R33 R44 P41 Q31 Q42 R21 R32 R43 Q41 R31 R42 R41

1.5 12692.266

2.5 12733.483 12697.021 12743.621 12709.662

3.5 12630.454 12736.403 12672.524∗ 12749.058 12717.329

4.5 12637.417 12739.793 12707.631∗ 12680.067 12755.026∗ 12725.331

5.5 12644.482 12743.623 12687.816∗ 12761.386∗ 12733.692

6.5 12651.730 12747.924 12695.848∗ 12768.161 12742.414∗

7.5 12704.192 12775.394∗ 12751.569∗

8.5 12783.185∗

5: k(Ò (∗) I��Ì�vk^u©f~ê[Ü.

3GØL 1 ¥ÉZ6î�Ì� (3L¥^ ∗
I5) ��, ·�[Ü
Ù¥� 267 �Ì�, ��
[Üí�� 0.0071 cm−1 �C¢�ÿþØ� (0.007

cm−1), �y
·�é1Ì�@�O(5. [Ü��
�©f~êXL 2 ¤«, Ó�Ú^
©z [10, 11]

�©z [14] ¥�©f~ê��'�. ©z [10] �
[Üí� (0.130 cm−1) ��, ¤±Ü©©f~êv
k[Ü´�½,
~êþ, ù
�½�~ê´�
â O+

2 ©f�~êO����. ©z [14] �,�
�
���[Üí�, �=[Ü
 98 �Ì�, ¿�
Ì��=Äþfê��, ¤±[Ü¥�½
þe�

� D ~ê!a4Πi �� Λ ©�~ê±9 b4Σ− ��
g^ - =Ä~ê γ.

�kc�©z�', ·�¼��1Ìk�p�
1Ì©EÇÚ1Ìÿþ°Ý, ë�[Ü�Ì�ê8
'�õ, Ì��=Äþfê�é'��, ¤±�±
¼��O(�©f~ê. ·�[Ü��� (4, 0) �
��� 12661.94656 cm−1 � Huber � [14] �(
J (12661.9311 cm−1) �~ÎÜ, Ù¦©f~êÄ
�3©z�Ñ~ê� 3σ  ���S. d	·�Ä
g[Ü¼�
 a4Πi �� Λ ©�~ê!g^=Ä�
p�^~ê γ ±9þe��p�=Ä~ê D.
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L 2 NO ©f�©f~ê

a4Πν (ν) B 106 × D A 104 × AD λ 102 × o 103 × p 105 × q

�ó� 1.110131(49) 6.10(16) −41.53531(59) −2.884(77) 0.41699(28) 6.470(67) −1.05(19) −3.2(29)

©z [1011] 1.10970(47)a) 5.09b) −41.539(11) 4.65 0.3960(66) 3.96 −1.70

©z [14] 1.109351(17) 5.4 −41.5345(11) −4.20(47) 0.41733(46)

b4Σ−(υ) B 106 × D 102 × λ 103 × γ

�ó� 1.266081(55) 6.73(24) 8.674(48) 2.961(90)

©z [1011] 1.26456(48) 6.07 5.85(90) −0.433

©z [14] 1.265240(87) 6.30 8.508(83) 2.00

T(4−0) Lines σ

�ó� 12661.94656(82) 267 0.0071

©z [1011] 12660.920(14) 230 0.130

©z [14] 12661.9311(12) 98 0.0069

5: a) )Ò¥�êi´©f~ê�IO �. b) Ú^�©f~ê, vkIO ��L«3[Ü¥��½�.

4 ( Ø

Äu1	� - ßÝN�Eâ, ÿþ
 NO ©
f�áÂ1Ì, I£
 b4Σ−—a4Πi XÚ (4, 0) �
� 38 �|�� 324 �Ì�, Ù¥ 12 �|��Äg
�@. æ^IOM�îþÝ
�, ÏL��5��
�¦[Ü�{[Ü
Ù¥ 267 �Ì���Ì�©
f~ê�©zJø�~êÎÜ, [Üí��C¢�
XÚÿþØ�, ¿Äg[Ü¼�
 a4Πi �� Λ ©

�~ê!g^=Ä�p�^~ê γ ±9þe��
p�=Ä~ê D. �©æ^�áÂ1ÌEâäk�
p�©EÇ�(¯Ý, ¿Ïd¼�
�þ�1Ì
�[Ì�. ,, 31Ì�@L§¥evkdcu
�1Ì�(J�ë�, �©��@ó�´éJ�¤
�. �u©f�>f��[äkE,�Ån�1Ì
(�, �©�EâØ�U��·^uÿþÙ¦©f
>f��áÂ1Ì, =¦ù
>f�mäk�3á
Â1Ì��U5.
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Abstract

The absorption spectrum of NO is analyzed in a range of 12530—12850 cm−1 using optical heterodyne concentration modulation

spectroscopy in an AC glow discharge of He/NO mixture. Among all the spectral lines, 324 lines are assigned to the (4, 0) band and 267

ones are fitted to the Hamiltonians of the b4Σ−—a4Πi system by a non-linear least–square fitting procedure. A residual (0.0071 cm−1)

comparable to system error (0.0071 cm−1) is obtained. The main molecular constants are consistent with those reported in the literature

and the fine structure constants are fitted.

Keywords: NO molecule, absorption spectroscopy, molecular constants
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