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NITROGEN NMR SPECTRA OF 

r15N-14N-14N-14N-14Nf AND f14N-14N-15N-14N-14Nf 
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Table 1. Observed and Calculated Nitrogen NMR Data for N5
+ 

chemical shifts,2 ppm_ 

observed0 calculated,0 CCSD(T)/QZP 

i5N wN xjj       N2      N3 

[15N! - 14N2 - 14N3 - 14Nr - 14Nr]+ -237.3 

tHNl _ i4N2 _ i5N3 _ i4Nr _ i4Nr]+ .100.4 

-165.3d-235    -166    -95 P 

(a) Chemical shifts are given relative to neat CH3N02 as external standard, (b) The spectra were 
recorded hydrogen-coupled at -63| °C in anhydrous HF solution which was acidified with AsF5. (c) 
An empirical correction of-20 ppm was applied to all calculated values, based on a comparison 
between the calculated and observed shifts of a number of closely related molecules and ions, (d) 
The other two resonances are badly exchange broadened and were not detected in the 14N spectrum. 
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Table 2. Low-temperature Raman and Infrared Spectra of Solid 14N5
+ AsF6" and Their 

Assignments Compared to the Calculated Harmonic Frequencies of Free Gaseous N5
+ 

observed freq, cm"1 (rel intens) assignt (point group) calcd freq , (intens) 

Raman IR 
lW(< 

-130°C -196°C 

2271 [44] 2270 m v,(A0 

2211 [8] 2210 s v7(B2) 

1088 s v8(B2) 

871 [7] 872 w 

704 vs 

v2(A,) 

686 [100] 680 sh 

672 [17] v3(A0 

669 [18] 

AsF6-(Oh) 

579 [16] 575 w 

420 sh 

394 vs 

v5(A2) 

v6(B0 

v9(B2) 

B3LYP 

2336 (22) 

2282 (147) 

1167 (141) 

850 (4) 

CCSD(T) 

2229 (13) [215]c 

2175 (105) [42] 

1032 (138) [2] 

818 (0.5) [5] 

v3(Flu) 

Vi(Alg) 

or part of v 678 (1) 644 (2) [1] 

■i(A"lg) or v3(Flu) 

v2(Eg) 

502 (0) 475(0)[1] 

424 (7) 405 (6) [0] 

436 (0.6) 399 (1) [0.5] 

v4(Flu) 

372 [32] 380 sh 

360 sh 

209 [44] v4(Ax)    ~ 

127 [55] lattice vibration 

v5(F2g) 

193 (0.5) 181 (0.3) [6] 

(a) Using a 6-311 + G(2d) basis set. (b) IR intensities in km/mol; Ra intensities in A4/amu. (c) 
The Ra intensities were calculated at the RHF level. 
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