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Fig. 1. Potential energy curves for the XlEg', a'IEu_,all_Ig

and b'IT, states of nitrogen molecular.
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Table 1. Spectral constants of nitrogen molecular.
State Method T,/cm! w,/em ! WeT,/cm ! B./em™ R./A D,/eV
ey Present 0 2357.1168 14.3883 1.9968 1.0985 9.8396
MR-AQCCH 0 2337 1.1019 9.6426
MR-CISDUS! 0 2342 1.1016 9.6468
MR-CISD+QUs! 0 2335 1.1019 9.6489
DFT(et-QZ3P-2D) 1) 0 2356 14.3 1.986 1.1012
DFT(ATZP) 1 0 2346 13.3 1.974 1.1045
CCSD(T)k 0 2342.8 14.091 1.983 1.1014
CCSDE) 0 2356.1 13.972 1.987 1.1003
CASSCFB 0 2358 1.092 9.82
Expt. 200 0 2358.57 14.324 1.99824 1.09768 9.7593
a1xy Present 68344.098 1528.4544 11.4479 1.4794 1.2755 6.1725
MR-AQCCH 67762 1514 1.2807 6.1230
MR-CISDU! 68480 1517 1.2804 6.0915
MR-CISD+QU8! 67531 1513 1.2808 6.1254
DFT (et-QZ3P-2D) 149 64968.9 1468 9.71 1.450 1.2887
DFT(ATZP) 1 64578.2 1471 11.1 1.446 1.2906
MRCI 69032 1523.6 11.91 1.4725 1.278
CASSCFR 1572 1.277 5.81
Expt. 20 67739 1530.27 12.1 1.4801 1.2754 6.1278
a'l, Present 69486.425 1691.4017 13.6099 1.6135 1.2215 6.04016
MR-AQCCH 69086 1676 1.2266 5.9587
MR-CISDH! 69566 1691 1.2261 5.9568
MR-CISD+QM 68951 1670 1.2268 5.9617
DFT(et-QZ3P-2D) [ 69078.0 1684 12.4 1.609 1.2236
DFT(ATZP) 14 68910.6 1647 14.0 1.601 1.2264
MRCIES 69971 1687.5 13.91 1.6034 1.225
CASSCF 1676 1.230 6.30
Expt. 200 68951.2 1694.2 13.9 1.6170 1.2203 5.9775
b, Present 102357.2 682.0947 ~5.9531 1.3929 1.319 1.9599
MR-AQCCH 101244 607 1.3456 1.9742
MR-CISD!] 102333 632 1.3482 1.8942
MR-CISD+Q* 101018 600 1.3489 1.9859
MRCTES! 101703.8 681.1 -8.8 1.437
Expt.[20 100817.5 2.0265
Expt.F 101675 634.8 1.448 1.284
3.2 5B BE ST ANAC 43 eR £ KF 3 AR TF, UL Ao T2 A h
T 2 R R SR AN 3 W 15 PR T BRI REURTE LIRS EE

U R T {2 SN 7 Wl ) L RS % 4 F T s
PRBCRE IR B AL L R [ 2 45 T R MRCI
ﬁ%QAHjE’WlﬁJEE 0.8—6.0 ANE 5T HHK

BRI, B4 R, B R (Al R

2 WOT AR T IR S RE G A BE Al B EAT IS0,

LRGBS ZR AN 3 iz TE 70 R RSBt 2
R T i T RO A, 33k 2 IH I e 2 ) A o BB o i
JEE AT e T K.
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F 2 ARHT X' BIRSEEHEING (BB, ) (PAAL: cm )

Table 2. Vibrational level spaceings (E~FE, ;) (in cm!) for X 12; state of nitrogen molecular.

v Present 8R RMR CCSDPZ  MR-AQCCH? MR-ACPFF Expt. Expt.[5)
1 2327.5 2336.5 2330.41 2328.54 2329.9 2329.9
2 2299.4 2308.4 2301.81 2299.89 2301.3 2301.2
3 2270.5 2279.8 2273.14 2271.18 2272.5 2272.6
4 2242.0 2251.4 2244.47 2242.45 2243.8 2243.8
5 2213.1 2222.5 2215.74 2213.69 2215.1 2215.0
6 2184.4 2193.7 2186.98 2184.87 2186.2 2186.2
7 2155.6 2164.7 2158.17 2156.01 2157.4 2157.4
8 2126.6 2135.3 2129.31 2127.10 2128.4 2128.4
9 2097.6 2106.0 2100.40 2098.13 2099.5 2099.5
10 2068.7 2076.4 2071.43 2069.09 2070.4 2070.4
11 2039.6 2046.7 2042.39 2040.02 2041.4 2041.4
12 2010.3 2016.8 2013.29 2010.84 2012.1 2012.1
13 1981.1 1987.0 1984.10 1981.58 1982.9 1983.0
14 1951.7 1956.9 1954.83 1952.26 1953.6 1953.5
15 1922.2 1927.0 1925.43 1922.79 1924.1 1924.2
16 1892.7 1896.9 1895.96 1893.25 1894.6 1894.7
17 1863.1 1866.7 1866.31 1863.53 1864.9 1865.1
18 1833.6 1836.6 1836.55 1833.69 1835.0 1835.4
19 1803.8 1806.3 1806.60 1803.68 1805.0 1805.6
20 1773.6 1775.9 1774.6 1775.6
21 1743.3 1745.5 1744.1 1745.7
22 1712.7 1714.8 1713.3 1715.5
23 1681.8 1684.0 1682.1 1685.0
24 1650.5 1652.8 1650.5 1655.0
25 1618.8 1621.6 1618.4 1624.0
26 1586.5 1585.9
27 1553.8 1552.8
28 1520.8 1519.0
29 1487.3 1484.7
30 1453.2
0.4
g 0.2F .,’ ' 105 b
=} ," N
) ’ -
g -
)
E 104 b
[}
I
= o
b
g — bUL— XS 103 ¢
q == b, —alll,
g ......... a'lz;falng
g
=) 10% ¢
1 2 3 4 5 6 102 103 104
Internuclear distance/A T/K
2 ARSI R I R I W A ) B 1 AR Ak K3 AT RIS R
Fig. 2. Transition dipole moments for different states of ni- Fig. 3. The partition functions of nitrogen molecular.

trogen molecular as a function of internuclear distance R.
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Table 3.

RANT o185, alllg Ml oML, S HIR SR
g&lﬁ]ﬁ (E1v7 E?kl)(i{j: cm 1)

Vibrational level spaceings (E, — E, )
(in em™) for /'3, , a'lly andb'Il, states of nitro-

gen molecular.

a'lny alTl, I,

" Present Expt.? Present Expt.? Present Expt.>
1 1506.7 1506.24 1664.6 1666.34 645.2 645.4
2 1482.8 1482.45 1637.6 1638.51 710.9 705.3
3 1459.3 1458.90 1609.6 1610.77 745.2 747.6
4 1436.0 1435.57 1581.8 1583.07 763.7 774.8
5 1412.8 1412.47 1554.5 1555.46 772.9 789.6
6 1389.8 1389.58 1527.3 152793 776.4 794.4
7 1367.4 1366.88 1500.1 1500.49 774.8 791.4
8 1345.0 134441 1473.3 1473.15 770.5 782.8
9 1322.8 1322.10 1446.4 144591 762.7 770.2
10 1300.7 1300.00 1419.7 1418.77 7524 754.8
11 1278.8 1278.06 1393.1 1391.77 740.2 737.9
12 1257.1 1256.31 1366.6 1364.87 725.2 719.8
13 1235.8 1234.70 1340.3 1338.12 708.4 701.0
14 1214.5 1213.27 1314.2 1311.50 689.0 681.4
15 1193.1 1191.98 1288.2 1285.03 667.1 660.5
16 1172.0 1170.84 1262.1 642.1 637.9
17 1151.2 1149.83 1236.4 613.4 612.6
18 1130.4 1128.95 1210.9 580.3 584.0
19 1109.6 1108.19 1185.3 541.8 551.0
20 1088.8 1159.7

21 1068.1 1134.0

22 1047.5 1108.4

23 1026.9 1082.8

24 1006.2 1057.1

25 985.4 1031.2

26 964.5 1005.0

27 943.4 978.4

28 922.3 951.4
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Opacities of X'X, a''Y, a'Tl; and b'I1, electronic states

. %
for nitrogen molecule
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Abstract

Multi-reference configuration interaction (MRCI) approach with Davison size-extensivity correction (4+Q) is
employed to calculate the potential curves and dipole moments of X'Sf,a'' 27, a'Tl, and b'Il, electronic states
of N,. The spectroscopic constants and vibrational level spaceings are calculated and in excellent agreement
with the available theoretical results and experimental data. Based on the calculated molecular structure
parameters, the opacities of N, in a temperature range of 295-20000 K under a pressure of 100 atm (1 atm =
1.01x10° Pa) are presented. The results demonstrate that the wavelength range of absorption cross sections are
enlarged with the temperature increasing. Moreover, the cross sections are mainly dominated in the range of
ultraviolet for the cases with temperature T < 5000 K, while the obvious population can be found in the
infrared ranges for the cases with temperature 7' > 10000 K due to the contribution of the excited states. The
influence of temperature on the opacities of nitrogen molecule are investigated in the present work, which can

provide theoretical and data support for researches of astrophysics and nuclear weapons.
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