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ABSTRACT 

Ultpviolet absorption spectra of CHgN? and CD?N? between 2000 A and 
1350 A have been photographed. Many electronic transitions occur in this region, 
including a Rydberg series (first reported by Merzberg) which gives the first 1.1'. 
of diazomethane as S.999&0.001 ev. Examination of a band system a t  1900 A 
has shown that it contains three close-lying electronic transitions, with origins 
within 200 cm-I. Of the upper states, the two outermost, D and F, are shown by 
rotational analysis to be of the same symmetry specles lB1, while the third, E, 
lying between them, seems to be responsible for large perturbations observed 
In the K structllres. By inference, this third state must be '132, in Coriolis inter- 
action with the two 'B1 states. Various vibrational bands of this 1900 A group 
have been assigned; among thesc are a 11utnber of vibrationally forbidden bands 
involving one and three quanta of the out-of-plane CH? bending frequency, v6. 
There is strong evidence that the molecule remains planar in these excited states. 

1. ISTRODUCTION 

In the electronic spectrunl of diazomethane there are two regions of absorp- 
tion on the long-~vavelength side of 2000 A. The first, studied by Brinton and 
Volman (1931), is a weal; s!-stem of broad diffuse bands between 3200 A and 
4300 14, overlying a continuum, and the second is another continuum between 
2600 A and 2000 (Kirkbride and Norrish 1933). In the vacuuill ultraviolet 
Herzberg (1961) has found some regions of more or less discrete absorption, 
together with a clear Rydberg series leading to  a limit a t  1378 A. No high- 
resolution investigations have been reported so far. 

The infrared spectrum of diazomethane is consistent with that  of a planar 
Y-shaped molecule of C?, sy~nmetry. RIoore (1963) and hIoore and Pilllentel 
(1964) have observed all nine fundamental frequencies in the infrared spectrum 
of CH2N2, but only seven of the nine for CHDN2 and CD2N2. Their rotational 
analyses of perpendicular bands for all three isotopic species have given values 
for the ground-state rotational constants A - 8, while values of 8 and B - C 
are available from microwave data (Sheridan 1962; Cox, Thomas, and Sheridan 
1958). The three low-1) ing perpendicular fundamentals of CH2N2 are strongly 
coupled by rotation about the z axis (Coriolis coupling), and the bands have 
perturbed K structures. 1Ioore (1963) has analyzed these and determined the 
coupling constants. 

The numbering of the vibrations in this paper is not the sanle as tha t  used 
in all previous papers on the infrared spectrum of diazomethane. In accordance 
with RIulliken's (1955) notation report, the b l  and b? species labels have been 
interchanged to conform with the choice of the x axis as that perpendicular to 
the plane of the nlolecule. Thus, for example, the CHr out-of-plane bending 
vibration, previously u9,  becomes ug. 

*Issued as  N.R.C. No. 7919. 
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MERER: DIAZOMETI-IANE ABSORPTIOS SPECTRUM 12-13 

2. EXPERIMENTAL 

CH2N2 was prepared by the hydrol>.sis of N-nitroso-N-metklurea with a 
strong cold aqueous solution of KOfl, and extracted into di-n-pentyl ether (in 
which the gas can be stored for several days a t  - lo0 C without appreciable 
decomposition). CDaNz was prepared sinlilarly, by the hydrolysis of N-nitroso- 
N-methyl-d3-p-toluenesulphonarl~ide with a strong cold solution of KOD in 
D20.  This process is slow in the absence of a polar organic solvent, but in view 
of the danger of exchange between the I<OD and the solvent, it was found 
preferable to omit the solvent. 

Absorption spectra of CI-I?N? and CD2N2 a t  room temperature, in the region 
2100 A-1330 A, were photographed in the third and fourth orders of a 3-meter 
concave-grating vacuum spectrograph. The region 1930 A-1800 was also 
photographed a t  -77OC in the sixth order of a 10-meter concave-grating 
vacuum spectrograph, the slit-width being 10 microns. ICodali SWR plates were 
used throughout. 

For coilvenience in filling the absorption tubes the diazonlethane was diluted 
with helium or argon in the ratio 100: 1. The absorption paths used were 20 cin 
and 100 cm, and the pnrtial pressures of diazo~llethane were varied between 13 
n~icro~ls  and 1 111111 Hg. In the regions studied coinplete absorption occurs a t  
pressures greater than these. 

Wavelength standards were provided by an iron hollow cathode. 

3. THE 1900A BAND SYSTEBI 

The 1900 '4 band system consists of three electronic transitions, whose 
origins lie within 200 cm-I. Under low resolution the system consists of an in- 
tense feature a t  1900 A, forrned by the three (0, 0) bands, together with a 
complicated group of bands a t  about 18GO A, and a few scattered bands near 
1800 A. Greater gas pressures bring LIP many fainter bands, especially near 
1840 A, while, a t  the highest pressures used, further weal; bands appear to the 
long-wavelength side of the (0, 0) bands, in the narrow "window" between 
this system and the 2000-2G00 A continuum. 

The three (0, 0) bands are perpendicular-type, as are the majority of the 
bands present, but a nuillber of narrow bands of quite different appearance are 
also present. The latter all involve odd quanta of the out-of-plane CH2 bending 
vibration, and are parallel-type, though with unusual structures. 

The three electronic transitions malting up this system have been called the 
D-X, E-X, and F-X transitions. The region 1915-1820 ,4 is illustrated in 
Fig. 1 (a). 

A .  Rotational A~~a lys i s  of the D-X and I;-X (0,  0 )  Ba?zds 
The spectruill of CH2N2 has no discrete J structure. In the (0, 0) bands of 

the D-X and E-X transitions of CD2N2, however, some rotational lines can 
be resolved, and it is also probable that the (0, 0) band of the F-X transition 
of CD2N2 is not predissociated, though no rotational lines have been resolved. 
The K structures of several perpendicular-type bands are well resolved, for 
both CH2Nl and CD2N2, and provided the ltey to the understanding of the 
band system. The three (0, 0) bands of CD2N2 are illustrated in Fig. l(b). 
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The  I< structure of the D-X (0, 0) band of CDCN2 could be analyzed inalting 
use of the intensity alternation and the individual subband intensities, without 
reference to  the infrared rotational constants for the ground state. The band 
proved to  be strongly red-degraded, in contrast to the F - S  (0, 0) band, which 
can be seen from Fig. l (b)  to be alinost ~~ndegraded .  The subband numbering 
was confirmed by the assignment of the first few lines of the ' P  branch of the 
5-6 subband. These lines were easily identified, using the n~icrowave value 
B" = 0.3234 cm-l, and the usual P-branch formula, and the first line could 
be seen to be P(G). T h e  'P branch of the 3-4 subband was also analyzed, 
though here the first line is lost in the tail of the 'Q branch. Both subbands 
yield the value B' - B" = -0.0031 cm-I, froin which it follows that  B1 = 

0.3183 cm-l. The  assigned lines are given in Table I. 

TABLE I 
Assigned l i~les in t h e  U-X (0, 0) and E-X (0, 0) bands 

of CD?N:! (in cm-I) 

D-x (0, 0) E-X (0, 0) 
- -- 

K' = 3 c K" = 4 K' = 5 c K i t  = (j K1 = 3 KT! = 4 XI = 5 Ki t  = 6 
- 

- (52586.24)* 
52464.78 (585.63) 

464. 06 53437.46 584. 80 52568.32 
463.35 436.511 584.01 567. GO 
462.64 435.93 583.40 566.90 
461.88 435.11 582.60 566.20 
461.10 434.34 581.81 565.40 
460.36 433.63 581 .06 564.67 

(459.68) 432.90 

*Parentheses indicate blellcled lines. 

The  band t ~ . p e  of the D-X (0, 0) band was easily determined. Qualitatively, 
when B' = B", the Q branches of 1-0 and 0-1 subbands are shaded towards 
each other in a Type C band, and away from each other in a Type  B band;  in 
this case the small, bu t  finite, AB alters the pattern, bu t  the Q branch of the 
0-1 subband is much sharper than tha t  of the 1-0 subband, indicating Type 
C selection rules. 

Trial spectra for the six subbands involving levels with Ii = 0 ,  1, and 2 
were calculated, using the observed A' - B', A" - B", and B' - B", and 
the nlicrowave values of B" + C" and B" - C" (assuming a planar upper 
state) for both Type B and Type C selection rules. The  Type C trial spectrum 
agrees with the observed spectrum extremely closelj. (incidentally explaining 
the peculiar Q-branch envelopes of the 2-1, 0-1, and 1-2 subbands illustrated 
in Fig. 1, in terms of asymmetry doubling); the Type B trial spec t ru~n  dis- 
agrees in inany respects. T h e  electronic state D is thus of symmetry B1. 
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M14RER: DIAZOMETHANE ABSORPTION SPECTRUM 1245 

'The I< structure of the P X  (0, 0) band of CD,N2 was analyzed using values 
of A2FU(I<) fro111 the D-X (0, 0) bancl, together with the intensity alternation 
and the positions of the first lines of the unresolved 'P branches. Again the 
bancl was found to be a Type C band, since calculations of trial spectra showed 
that the branch of the 1-0 subband \vould have been degraded to shorter 
wavelengths had the band been Type B. 

The apparent values of il '  - B', neglecting D, terms, are given in Table 11. 
From the ultraviolet spectrum A" - B" for CDtNr is found to be 4.239 crn-1, 
as compared to the infrared value of 4 .233f  0.010 c111-~. Table I11 gives the 
positions of the assigned subband heads. 

\\'hen the Q branches of the subbands in the I;-X (0, 0) band of CDrNs  had 
been identified, many features still remained unexplained. Their identities 
followed from comparison of the plates taken a t  different temperatures. As can 
be seen from comparison of Fig. 1(6), taken a t  -77O C,  with Fig. 2(b), talten 
a t  room temperature, the Q heads are stronger a t  the lower temperature, while 
the leading edges of the diffuse extra features are much more intense and head- 
like a t  room temperature. This indicated that  the extra features are 12R heads, 
corresponding to the 12Q heads some 12 crn-I to the red, since the R heads are 
calculated to occur a t  about J = 40, which would be appreciably more popu- 
lated a t  rooirl tenlperature than a t  -77" C. Only one feature is then left 
unexplained, and this lies within 2 cm-I of the predicted position of the 1110st 
intense subband of the unobserved D-X, vc  ( I ,  1) bancl. The  apparent narrow 
gaps in the structure are the spaces between the first lines of the "R branches of 
gi~ren subbands, and the 'ZX heads of adjacent subbands. 

The value of B for the v = 0 level of the F lB1 state was obtained from the 
fo r~n l~ l a  

(in which AvIla is the distance of the R head from the subband origin), assunling 
the value B" = 0.3234 cm-I given by Sheridan (1962). The  position of the 
first line of the ''I< branch can also be found (by substituting J = I<" in the 
usual for~nula) ,  and the J number a t  the RR head is 

J R  llend = (B" - 3B1)/2(B1 B"). 

TABLE I1 
Rotational constants (in CITI-l) for the (0, 0) bands* 

-- 
Y O  11-B B 

*The 5 values for the X'AI states are taken from Sheridan (1962) and the A" - z" for CHIN, is 
talcen from iLIoore (1963). 

t : \ppare~~t values. 
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TABLE I11 
Subband heads of the perpendicular bands (Q branches) 

CHZN:! CDzKZ 
--- 

Band K cm-1 K cm-I K cm-I K cm-I 

D-X (0, 0) 1-0 52527.5 1-0 52506.72 
2-1 52540.3 0-1 52512.3 2-1 52513.75 0-1 52499.23 
3-2 52548 1-2 52493.2 3-2 52518.42 1-2 52490.27 
4-3 52554.8 2-3 53469.5 4-3 2-3 52478.93 

3-4 52441.7 5-4 52535.51 3-4 52467.46 
4-5 52415.3 6-5 4-5 52454.82 
5-6 52382.0 7-6 52527.42 5-6 52440.84 
6-7 52350.2 8-7 6-7 52426.41 
7-8 9-8 52523.14 7-8 52408.83 
8-9 52276.4 8-9 52390.5 

9-10 52370.10 

F-X (0, 0) 1-0 52698.5 1-0 52701.48 
2-1 52721.2 0-1 52679.9 2-1 52709.61 
3-2 52744.3 1-2 52664.4 3-2 52717.95 

E-X (0, 0) 
2-1 52668.6 2-3 52595.7 

F-X, vr, (I, 1) 1-0 53015.7 1-0 52955.46 
2-1 53039.0 0-1 52999.20 2-1 52965.45 
3-2 53062.6 1-2 52985.9 3-2 52973.39 

For example, in the 11-10 subband, the separation of the RR and RQ heads is 
13.5 cm-l, which (allowing for the missing lines in the Q branch, by using a 
successive approxiination method) gives B' = 0.3153 cm-l, J R  = 38, and 
Y E  - R(10) = 6.56 cm-l. This last quantity is observed, in the spectrum, 
to be 6.1 cm-l. 

For CH2N2, analysis of the K structures of the D-X (0, 0) and F-X (0, 0) 
bands proceeded on similar lines. The Q-branch heads are very diffuse, but 
the subbands were numbered without difficulty using RlIoore's (1963) infrared 
data, together with the intensity alternation. The F-X (0, 0) band of CH2N2 
was found to be strongly "violet1'-degraded, in contrast to the saine band of 
CD2N2, which is undegraded. 
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The I< structure of the F-X (0, 0) band of CH2N2 becoilles complicated 
after the 6-5 subband, and extra heads, besides the RR heads, appear (see Fig. 
2(a)). These heads are in approximately the positions expected for the intense 
subband heads of the D-X, vG ( I ,  I )  band, and there is little doubt that  the 
32848.3 cm-I feature corresponds to the 1-0 "Q head of this band. KO un- 
aillbiguous I< structure analysis was possible for this region owing to the 
diffuseness of the structure. 

The separations of the and RQ heads in the F-X (0, 0) band of CHzNz 
give B' - B" = -0.010 cm-I. As in the CD2Nz spectrum, no distinct 
heads are observed for the D-X (0,O) band : the heads are expected to be forilled 
a t  about J = 60, a t  which the line intensity would be minimal. 

The perpendicular-type F-X, vG ( I ,  I )  bands, which lie immediately to the 
short-wavelength side of the (0, 0) group, in both CI-12N2 and CD2N2, also 
have well-resolved I< structures, and could be analyzed. I t  was these bands 
that provided the key to the ~~nderstanding of the parallel-type bands, since 
the most intense of the parallel-type bands lie to the short-wavelength side 
of these bands, by an amount nearly equal to VG", both for CHzNz and CD2K2. 

Analysis of the F-X, vG ( I ,  I )  bands was straightforward, since the I< struc- 
tures of the infrared bands corresponding to V G  have been analyzed, for CH2K2 
by LIoore (1963), and for CD2N2 by XIoore and Pinlentel (1964). The ground- 
state coillbination differences, where they can be observed in the ultraviolet 
spectrum, agree closely ii~ith those observed in the infrared, both for CHzNz 
and for CD2K2. Since the bands arise from the vibrational level vG = 1, which 
has B1 vibronic species, the intensity alternations are opposite to those of the 
(0, 0) bands, as call be seen in Fig. 2: for example, in the CD2N2 spectrum, 
the linelilce "Q head of the 2-1 subband is "\veal;" in the F-X (0, 0) band, bu t  
"strong" in the F-X, V G  ( I ,  1) band. 

B. Rotational -4nalysis oJ the E-X (0, 0) Bands 
Analysis of the frag~nents of band between the (0, 0) bands of the D-X and 

F-X systeins revealed the third electronic state of the trio, E(IB2). Although 
the band type of the (0, 0) band cannot be determined, since the 1-0 and 0-1 
subbands are not seen, it is possible to account satisfactorily for the apparent 
Coriolis interaction of the two IB1 states if the E state is assumed to be lB2. 

The evidence for this apparent interaction lies in the rotational constants A' 
for the two IBl states. If everything is normal, these should be in the ratio 2 :  1 
for the tnro isotopic species, assuilling the molec~~le to be planar in the upper 
states. Even if the two states are interacting directly, the mean of the two A' 
val~ies should still be in the ratio 2 :  1. However, neither of these conditions is 
fulfilled, as can be seen from Table IV. Since the ratio is less than 2.0 for the D 
state, and greater than 2.0 for the F state, the observed K structures are com- 
patible ~vi th  the assumption of a third electronic state of species lB2 lying 
between the two lBI states, which seellls to be the E state. 

All that can be seen of the E-X (0, 0) bands is a fragilleilt of a band between 
the (0,O) bands of the D-X and F-X systems, in CD2N,, and a single subband 
in the same place in CH2N2, together with another among the subbands of the 
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TABLE IV 
- 

(c111-~) 

CIIZN2 CDZN? Ratio 

F-X band. On the room-temperature plates of CD?N2, the region of the E-X 
band is very confused, but cooling the gas removes much overlying "hot" 
structure, and leaves the outline of the band clearly visible. 

As can be seen in Pig. l(b),  the J structure of some of the subbands of the 
E-X (0, 0) band in CD2N2 is sufficiently well resolved toenable an analysis to be 
made. The ' P  branch of the 5-6 subband could be assigned (see Table I ) ,  
and since its first line is P(G), the numbering of the subbands could be estab- 
lished. The observed part was found to consist of the AK = - 1 subbands 
from 1-2 to 7-8, in a band with a vibronic A lower state (from the intensity 
alternation). This lower state must be the ground state of the nlolecule, since 
the band is not sensitive to temperature change, and since the only two low- 
lying totally symmetric vibrational levels, 2v6" and 2vg1', call be eliminated as 
possibilities: 2v6" because the known values of v6' and v6" lnalte it iinpossible 
for a band arising from 2~6" to appear in this place, and 2~9'' because no band 
arising froin vgl' itself, such as the 1-1 band, appears in the required position. 

The intensity distributions of the E-X (0, 0) bands are peculiar. In CD2N2, 
the 1-2 subband is very weak compared to the 3-4 and 5-6 subbands, although 
it should have been 1nuc11 more intense, and the 1-0 and 0-1 subbands are 
missing altogether: a t  - 7 7 O  C the latter are expected to fall in a clear region 
of the spectrum near the 9-10 subbancl of the F-X (0, 0) band. This behavior 
might be expected froin a state which has no intensity of its own in absorption, 
but obtains its intensity from a nearby state that appears stl-ongly in absorp- 
tion, as a result of nlixing induced bjr rotation about the z axis. In this case the 
0-1 subband would be missing, and the 1-0 and 1-2 subbands would be weak. 
The reason for the appearance of the 1-2 subband seeins to be the concentration 
of half the Q-branch intensity into a space of 0.5 cm-I. The 1-0 subband, 
which is calculated to have a much more strongly degraded Q branch, but the 
same total intensit)., is absent. In the E-X (0, 0) band of CHSX? the only two 
subbands observed are 2-1 and 2-3, and no feature corresponding to the 0-1 
subband has been seen, although this should be the most intense feature of the 
whole band if the intensity distribution were normal. 

Besides the irregular intensity distribution of the E-X (0, 0) bands, further 
evidence that state E is responsible for the observed perturbation of the K 
structures of states D and F coines from the fact that the positioil of state E 
relative to D and F in CH2N2 can be predicted, using only the observed I< 
structures of states D and F,  and the interaction constants derived froin the 
CD2Nz spectrum. 
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The problem is essentially similar to the coupling of J'S", vG", and Y~'' des- 
cribed by fiIoore, and the interaction matrix inay be written 

v1 - 2 ~ l I < ( ~ ~  
O 1 ' -'AI<(FE - ITl TT2 2 zAi (DEl  , L o  - 2 ~ l K ( ~ ,  -I7, 

where Vl and are the energies of states F and D referred to the mean energy 
of the three states, and ( p B  and lDE refer to the interactions F : E  and E : D  
respectively. Provided that  the terms 2AI(( are small compared to the energy 
differences between the states, the energy levels can be approximated by 

w, = Y O  + v1 + (A  - B)IP + 4ile~<L(F,2/(2 v1 - v2) ,  

The average term value of the three states observed in CD2N2 is 

which, when plotted against I<" gives vo = 52G0G.06 cm-l, and A - B = 4.026 
cm-l. Then, plotting W F  - W and kVD - W against K Q i v e s  l ( F B l  = 0.45,, 
I(,,/ = 0.789, 2 V1 - V2 = 78.5 cm-l, and V1 - 2 V2 = -114.0 cm-l. These 
constants reproduce the observed term values of CD2N2 very well, though 
evaluation of the matrix shows that the true cD, is very slightly greater than 
that  given by the approximate form~ilae. 

For CH2N2, using on117 the "apparent" A' values of the D-X (0, 0) and 
F-X (0, 0) bands (taken from the levels with I( ,< 3) ,  a value of the "true" 
A' double that  found for CD2N2, and ('s carried over from the C D 2 S 2  spectrum, 
the quantity 21T1 - 172 for CI12N2 is calculated to be 37.8f 2 cm-l, and the 
separation of the D and F states, 171 + V2, is calculated to  be 162.Gf10 cm-l. 
This separation, as observed in the spectrum, is 167.8 cm-1, satisfactorily 
within the limits imposed by the probable error in the "apparent" rotational 
constants. The quantity 2 V1 - V2 cannot be checked directlj,, but substituting 
the calculated values of Vl and V2 in the matrix, the term values of the v = 0 
level of state E in CI-IzN2 can be worlced out,  and the unassigned subband 
between the D-X (0, 0) and F-X (0, 0) bands is found to lie within 3 cm-1 of 
the position predicted for the 2-3 subband of the E-X (0, 0) band. Since the 
other feature attributable to  the E-X system is separated from it by the 
ground-state interval A2F" (I< = 2), it was possible to  assign these two features 
as the Q branches of the 2-1 and 2-3 subbands of the E-X (0, 0) band. These 
subbands are the only two expected to have even moderate intensity in CF12N2, 
assuming the intensity to be borrowed by Coriolis coupling. 

C. 17ibrational Analysis 
The vibrational bands of the 1900 A system can be divided conveniently 

into those illaliing up progressions in J'G (which include all the narroiv parallel- 
type bands), and those involving the totally syinllletric fundainentals. 
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The assignments of the v6 progressions follow from the rotational analyses of 
the F-X, (1, 1) bands, and the realization that the interval between them 
and the most intense of the vibrationally forbidden parallel-type bands, F-.Y, 
v6 (1, 0),  in both CI-IZN:! and CD2N2, is tlle ground-state frequency vGt'. Con- 
firmation of the assignment comes from observation, on one set of plates, of 
the bands F-X, v6 (1, 0) and v6 (1, 1) of CI-IDN2, separated by ail interval 
nearly equal to R,Ioore and Pimentel's (1962) infrared value of v6 for CI-IDWs. 

The ground-state combination differences A2Ft'(I<) found in the F-X, v6 

(1, I )  band of CI-I?Ns are specific for v ~ " ,  since AIoore has shown that the level 
v6  = 1 of the ground state is strongly coupled to the level vg = 1 by Coriolis 
coupling, and that the energy levels are perturbed. Thus, observation of this 
same series of perturbed energy levels in the ultraviolet spectrum n~alces the 
assignment fairly certain. 

AiIembers of the progressions in v6 for all three electronic states can be 
identified, and the three vibrational frequencies v6' are found to be quite siinilar 
(by some coincidence), though appreciably different from the ground-state 
frequency vc". As a result of this, the pattern formed by the v6 (1, 0) bands of 
the three transitions is very like that formed by the (0, 0) bands. The v, (1,O) 
bands of the E-X system are a good exanlple of Coriolis coupling causing 
il:, - A I  vibronic bands to appear in absorption. The E-X, (1, 0) band is 
inucli more intense in CH2N2 than in CD2N2, since its intensity is borrowed 
froin the M ,  v6 (1, 0) band: the amount of intensity borrowed must be pro- 
portional to IC2A2/AE for Coriolis coupling, and, not only is the separation 
A E  smaller in CI-12X2 than in CD2N2, but the A'  value for CI-I?X2 is twice 
that for CD2X2. 

By arguments similar to those used for the M ,  v6 (1, 0) and v6 (1, 1) bands, 
many other bands can be assigned to these v6 progressions. All the assigned 
bands to the long-wavelength side of the (0, 0) group arise froin v6" or 2vGt' in 
the transitions D-X and F-X; 2v6" for CD2N? is found to be 666 cm-I, in 
close agreement with Moore and Pimentel's value, but ,  unless the subband 
intensities in the F-X, v6 (0, 2) band are somehow unusual, the value of 2v6" 
for CI-12N2 disagrees with hIoorels value by 20 cm-'. To  the short-wavelength 
side of the (0, 0) group the bands F-X, vg (2, 0) are readily identified for 
CI-12N2, CIHDN2, and CD:!iY?, while F-X, v6 (3, 0) and (3, 1) can be seen in 
the CDIX2 spectrum. The bands involving odd values of AVG are Type A,  and 
those involving even values are Type C. The anharmonicity of v6 in the F 
state, as in the ground state, is positive, which is often the case for an out-of- 
plane bending vibration. A Deslandres table for v6  in the F-X transition is 
given in Table V. 

I t  seems that the molecule remains planar in the upper states (despite the 
appearance of progressions in the CI-12 out-of-plane bending vibration, v6), 
since successive members of the progressions have alternating band types, 
and since the results of the rotational analysis are not inconsistent with a 
planar upper state. 

The band envelopes of the vibrationally forbidden parallel-type bands are 
peculiar. Since perpendicular bands involving the upper and lower levels of the 
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TABLE V 

Deslandres table for the vibration v c  in the F-A' system* 
(Estimated band origins, in cm-l) 

*C and A refer to the band tyges. 

parallel-type F-X, u6 (1, 0) and D-X, u6 (0, 1) bands have been analyzed, the 
lines of the branches in these parallel-type bands can be calculated. They are 
found to fall in the expected positions, but with unusual intensities: the R 
branches are found to be far stronger than expected. No explanation for this 
anoinaly is offered. 

The totally symmetric vibration frequencies of the F state presented no 
problems, for ul' and u2' are similar to the ground-state frequencies, and u S 1  and 
ug' could be assigned 1vit11 the aid of the Redlich-Teller isotope rule. The totally 
symmetric vibrations of the F state, with their frequencies (in c i ~ l - ~ ) ,  are: 

Almost all the remaining bands could be assigned in terins of the totally 
symmetric vibrations, with or without u6,  of the D and F electronic states (see 
Table VI). The only intense doubtful feature is the diffuse band a t  53621 cm-1 
in the spectrum of CHjN2, which is tentatively assigned as D-X, u s  (1, 0). 

4. ELECTRONIC TRANSITIONS AT SHORTER IYXVELESGTHS 

Most of the intense transitions lying in the region between 1780 and 1350 A 
can be assigned to a single Rydberg series, beginning with the bands a t  1670 A, 
and leading to a limit a t  1378 A. This series can be described by the formula 

which gives the first I.P. of diazomethane as 8.990f0.001 ev. A reproduction 
of the higher members of this series in CE12N2 has beell given by Herzberg 
(1961). 
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TABLE VI 
Vibrational bands of the 1900 A system 

(hleasurements of the most intense feature of each band are given. 
Where linown, the K assignment is also given.) 

- -- 

cmrl CH?Sy / /  cm-I CD,N2 

F-X, vc(0, 2) 
D-A'. vc(0. 1) 

- .  , . 

D-X; va(1, 0) 
E-X. vc(1. 0) 

D-S, vn(1, 0) 
F-S, v;(1, 0) 

(F-X, v3(2, 0) 
\F-S, v:(l,  01, ve(1, 1) 
F-S, v2(l, 01, vc(1, 0) 
F-S. v,ll. 0) , .~ , F-x, ~ ~ ( 1 ,  oj ,  vd1, 0) 
F - I ~ ,  v ? ( l ,  0)t ~ ~ ( 2 2  0) 

?D-.Y, vp(0, 2) 
D-X, ve(0, 2), 0-1 

?F-X, vs(O, 2) 
F-X, ve(0, 2), 0-1 
D-X, ve(0, 1) 
F-X, va(0, 1) 
1)-X (0, O) ,  1-0 
E-S (0, O),  va (calc) 
F-X (0, 0), 1-0 
D-X, v G ( l ,  I) ,  0-1 
F-.Y, ~ ~ ( 1 ,  1)) 0-1 
0-X, vc(1, 0) 
E-X, v~(1,  0) 
F-X, ~ ~ ( 1 ,  0) 
F-S, v.,(l, 0) 
F-S, ~ ~ ( 2 ,  1) 
F-X, vo(1, 0) 
F-X, va(2, O), 0-1 

? 
F-X, v;(3, 1) 

F-X, v~(3,  0) 
?D-X, v ? ( l ,  0) 
F-X. ~ " ( 1 .  0) 

. ~ ,  , F-x; ~ ~ ( 1 ,  01, ~ ~ ( 1 ,  1) 
?F-X, vn(1, O) ,  ~ ~ ( 1 8  0) 
F-X, vi(1, 01, vc(l, 0) 
F-X, vy(1, 01, va(1, 0) 
F-S, v,(l. O), vr(1, 0) 

The observed quantum defect, 0.10 (or 1.10), is consistent with a d or an s 
Rydbcrg series, when on15 first-ro\v elements are present. Since there are several 
intense heads for each member of the series, it is presumably an nd Rydberg 
series. 

A perpendicular-type band system resembling the 1900 A F-X system in 
certain respects appears a t  158.5 -A. If these two systems are assumed to form 
the first two members of a Rydberg series, a quantum defect of 0.67 (charac- 
teristic of a p Rydberg series) and an I.P. of 9.06 ev are calculated ; the closeness 
of this limit to that found from the d series (where mang~ more members are 
found, and the extrapolation to the limit is shorter) seems to support the 
Rydberg assignment. KO further members of this series can be found. 

Weaker parallel-type bands are seen, both in this 4p system, and in the 
nearby 3d system a t  1670 A. In the 1585 A system (4p), the strongest of these 
parallel-type bands appears 343 cm-I to the long-wavelength side of the (0, 0) 
band, and shows only a small isotope shift; since this frequency is not one of 
the ground-state frequencies of the molecule, the band seems to be the (0, 0) 
band of another electronic transition, which can be assigned as the A l  compo- 
nent of the 4p group. On this basis a few vibrational assignments can be made, 
but since the bands are all extremely diffuse, these assignments cannot be 
considered definitive. 
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MERER: DIAZOMETI-IANE ABSORPTION SPECTRUM 1253 

In  the d Rydberg scries the vibrational structure is again conlpletely diffuse, 
and except for the (0,O) bands, extremely weak. The only vibration that  can be 
definitely assigned is v?', \vhich appears in nearly all the Rydberg transitions, 
with a frequency closely sirnilar to the ground-state frequency. From the com- 
parative absence of strong vibrational transitions it seems liltely that the ground 
state of the ion is planar, and similar in dimensions to the ground state of the 
nlolecule. 

An intense band systein, which does not fit into any Rydberg series, occurs 
a t  1'75'7 PI. I ts  structure is completely diffuse in both CH2N2 and CD2N2,  and 
no assignment can be made, either of the direction of the transition inoi~lent or 
of the vibrations appearing. This systein is ditiereilt froin all the others in tha t  
the second strong band (37300 cm-') is considerably more intense than the 
first (56870 cm-I), perhaps indicating a larger change of inolecular diineilsions 
than in any of the other transitions. I-Iowever, vibrational repetitions of this 
pattern and the absence of further ineillbers of this 430 cm-I progression suggest 
that more than one electronic state is prcsent. 

The  positioils of the prominent bands of the higher electronic states are given 
in Table 1711. 

Beyond 1400 A, where the d Rydberg series becomes faint, further estreinely 
broad cliffuse bands of very great intensity appear. They show only small 
isotope shifts, but their irregular spacings inake it difficult to fit them illto a 
Rydberg series converging to a higher limit. 

5 .  DISCUSSION 

By analogy with the configurations of AB2 molecules, the ground state of 
diazomethane can be written 

The lorvest-IJ-ing transitions, excluding triplets, will then be to 'A2 and 'A l  
electronic states, by promotion of an electron from either the (2bl) or (3b2) 
orbital, \vhichever lies higher, to  the (3bl) and (4b2) orbitals: the observed 
transitions in the visible and near ultraviolet might correspond to these. 

Lying further in the ultraviolet will be the Rydberg transitions to the (3sal), 
(3pal), (3pbl), and (3pb2) orbitals. IHowever, as we have seen, absorption 
transitions to three states, two of species B1 and one of species B?, occur near 
1900 A, and it is difficult to see how they can all be Rydberg transitions. If the 
t\vo B1 states arc assumed to arise by promotion of an electron from a bl 
orbital to the two Rydberg a1 orbitals, then the other states of the 3P group are 
i l l  and A!, and no B? state would be expected. Since the Br state observed 
seems to have no intensity of its own in absorption, it is possible that  it cor- 
responds to a two-electron transition, but  this suggestion is no inore than 
tentative. 

The  presence of vibrationally forbidden bands in an electronic transition of 
diazomethane seems to be nothing exceptional, as other instances of spectra, 
in which the vibrational selection rules are broken, can be quoted (see, for 
example, Innes, Silnmons, and Tilford's (1963) account of the 3200 Lq transition 
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MERER: DIAZOMETHANE ABSORPTlON SPECTRUM 1255 

in pyrazine). In the 1900 band system of diazomethane the parallel-type 
bands involving odd quanta of a nontotally syrnnletric vibration, in a transition 
where the (0,O) band is perpendicular-type, must be ascribed to vibronic mixing 
with an unidentified allowed transition. 
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