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ABSTRACT

This paper clescribes a computer-accessible catalog of sutxnillimcter,  millimeter,
and microwave spectral lines in the frequency range between O alld 10,000 GHz
(i.e., wavelengths longer than 30 jm). The catalog can be used as a planning
guide or as an aid in the identification and analysis of observed spectral lines in
the interstellar medium, the Earth’s atmosphere, and the atmos~)heres of other
planets. The information listed for each spectral line includes the frequel]cy and
its estimated error, the intensity, the lower state elicrgy,  aud the quantum number
assignment. The catalog is continuously upclated and at present has information
on 331 atomic and molecular species and includes a total of 1,845,866 lines.

The catalog has been constructed by using theoretical least squares fits of pub-
Iished spectra] lines to accepted molecular models. The associated predictions
and their estimated errors are basecl upon the resultant fitted parameters and
their covariance. Future versions of this catalog will add more atoms and molecules
and update the present listings as new ciata appear.

The catalog is available on-iine via anonymous FTP at spec.jpl.nasa.gov  anti on
the worl[i wicie web at llttl)://s])ec.j]  )l.llasa.gc)\~.



1 INTRODUCTION

This paper dmcribcs  a coIlll)Llter-accessible catalog of subl[lillinletcr, millitlieter,  and mi-
crowave s]mtral lines in the frequency range Iwtwwn  O and 10,000 GHz (i,e., tvavelengths
longer than 30 Im). The catalog is intended to be used as a guide in the planning of
s~)ectral  line observations and as a reference that can facilitate identification and analysis
of observed spectra] lines. The selection of lines for the catalog is based on the project,
needs of astronomers and atmospheric scientists. A previous version of this catalog has been
dcscribecl.1  The present version is changed only by the adclition of new and revised species.

The catalc)g is constructed using theoretical least squares fits and predictions based on
spectral lines, mostly obtained from the literature. In subsequent versions of the catalog,
more molecules will be added and existing molecular listings will be upclatecl  as new data
appear.

The catalog is available on-line via anonymous FTP at spec.jpl.nasa.gov  and on the world
wide web at http: //spec.jpl.  nasa.gov.

The format of the data is given in Section 2. Collversions between different measures
of spectral line intensity are given in %ction  3. General comments on the precision of the
spectral line positions and intensitim  are given in Section 4. The format of quantum numbers
as they appear in the catalog is given in Section 5.

Documentation fcm each molecular or atomic species is available in printed form as a
JPL publication and is also available on the catalog wcb site. Both documentation and
the line files use a “species tag. ” This tag is a six-digit number in which the three most
significant digits represent the mass number of the molecule or atox[] and the last three
digits are an accession number  for the given mass. In many cases, there is a separate tag for
each vibration-electronic state of a particular molecule. The catalog corltains individual files
for each molecular species. Line files are designated as CMM.  cat, where tttttt is the zcro-
filled catalog tag number. For example, the H atoxn line list is in the file cOOIOOI. cat. The
documentation files are namecl  dttl.!tt.  cat. There  is also a directory file, named caidir. cat,
which contains additional information needed to access the line files automatically and to
calculate intensities at temperatures other than the standard temperature of 300 K.

Table 1 lists all the species provided in this catalog, by tag and name. There  are currently
331 atomic and molecular species and a total of 1,845,866 lines.

2 DATA FORMAT

2.1 Line Files

The catalog line files are colnposed of 80-character IiI)[’s, lvith  one li]lc entry  per spectral
line. The for[lli~t  of each li~~c is:

FRHQ, I?RIt, I, GINrr, DR, 1;10,  GLJI’, T A G ,  QNI; MT, QN’, cl~”
(F13.4,  F8.4, F8.4, 12, 1“10.’1, 13, 17, 14, 612, 612)
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FREQ:
ERR:
LGINT:

DR:

EL():

GUI’:

TAG:

Q~/:

QN”:

Frequency of the line in hIIIz.
Estin]ated  or experimental error  of FREX) itl AIEIz.
Base 10 logarithm of the integrated intcl]sity  it] llnits of
Ilm2. hll-Iz at 300” ]<. (see  Section 3 for conversions to other
units. )
Degrees of freedom in the rotational partition function (O for
atoms, 2 for linear molecules, and 3 for nonlinear molecules).
Lower state energy in en-l relative to the lowest energy spire
rotation level in grounc! vibronic  state.
Upper state degeneracy.
Species tag or molecular identifier. A Ilegative value flags that
the line frequency has been measurecl  in the laboratory. The
absolute value of TAG is then the species tag and ERR is the
reported experimental error. The three most significant digits
of the species tag are coded as the mass number  of the species,
as explained above.
Identifies the format of the quantum numbers  given  in the field
QN. These quantum number formats are given  in Section 5 and
ate different from those in the first two editions of the catalog.
Quantum numbers for the upper state coded according to
QNFMT.
Quantum numbers for the lomr state.

2.2 Directory File

The catalog contains a special directory file called catclir.cat  Each element of this directory
is an 80-character record with the following format:
TAG , NAME, NLINE, QLOG, VERSION
(16,X, A13, 16, 7F7.4, 12)

TAG : The species tag or molecular iderltifier.
NAME: An ASCII name for the species.
NLINE: The number  of lines in the catalog.
QLOG: A seven-element vector containing the base 10 logarithln  of the

partition function for temperatures of 300 K, 225 K, 150 K,
75 K, 37.5 K, 18.75 K, and 9.375 K, respectively.

VERSION: The version of the calculatioll  for this species in the catalog.

2.3 Documentation files

The documentation files are stored natively as ASCII LaTex files for each species. These
documelltatio[i  files are also ir]cludcd  ill the ]Jrinted tlocl~~~lelitatioll.2  This re~)ort is freely
available frotn JPL on request. Postscri])t,  IjaTex,  and PDF versions of this publication
are also available oIl line. ‘111(’ tlocllrtl(:llt:ltiotl  filw ])rovide  tllc intensity ilIl(l frequency CUt-
oflk, partition functions  at representative t(:[[i[)(’r;tt[lr(’s, ass[~tned di~)olc  l~lol]lent,s,  literature
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citations for the expcrilncntal  lines, and a brief description of the nature of the Hamiltonian
lnodcd  used in the calculation. l’hc  (locllltlellttlticJ1l  file also includes a suggested isotopic
correction based on cosmic abllndancm. This correction includes the appropriate statistics
for equivalent nuclei. Note thecatalog  intensitiesdo  not include this isotopic correction.

111 this edition of the catalog, several of the species have spectra that arc extencled  to
10,000 GHz, so the documentation includes a maximum frecluency  cutoff. For almost all
species, a strength cutoff was also employed:

(
~oIXHNT

>  1 0
I, C) C; S’1’RO + (v/3ooGH#  . lol’Oc;sT’R’

A blank entry for LOGSTR1  means that the second term wm not included. We have found
that LOGSTR1  is often a useful cut-off parameter to account for the decreased sensitivity of
instrumentation with increasing frequency or as a means to capture lit[es with comparable
transition dipoles. The partition functions listed (Q) in the catalog include rotation and
spin statistics but usually do not include vibrational or electronic corrections. (Exceptions
such as H20 and 03 are noted. ) Calculation of Q is based on a sutn over states. At higher
temperatures, the sum-over-states calculation is replaced by a classical calculation when the
latter is larger due to a limited Iiunlber of states in the catalog. The spin statistics included in
the partition function are sometimes divided by a common factor, but the partition functions
are always consistent with the statistics used for intensities in the catalog. This common
factor is not always documented, but the choice should be clear from the GUP field in the
line file.

3 INTENSITY UNITS AND CONVERSIONS

The units of intensity given in the catalog, 11n12.h’IIIz,  are based on the integral of the
absorption cross-section over the spectral line shape. The value of the intensity is cal-
culated for 300 K and is directly comparable with the common infrared intensity unit
of cm- ] /(l]]oIecllle/c1]12). The latter is obtainable by dividing the catalog intensity by
2.9’3792458 X 10*8.

The line intensity in the catalog, 1~~ (300 K), is obtained from

where ~ba k th(! line freqlle[lc~, ‘Sba is the lillc strcngthl  #lz is the dipole I[}onlent along
the molecular axis x, E“ and F;’ are the lower and up~)er  state energies, respecti~’ely,  and
Q,, is the rotation-spin partition function (using the same zero of energy as E’ and E“).
In Eq. (2), Ibo haS units of llIn 2.hIIIz, ub~ has units of hJIIz, and Ilr has units of Debye. III
many molecules, there  arc several (Iipole moment ~)rojections  atld there even may be lIlixing
bctwmn  dipoles. 1[1 such cases, ‘&,,  /Lf iS r(!~)lad with the! SIIII1 of t h e  squares  o f  the
transition dipoles for each Al colrllJol]cl]t  in tile Ii[le. For mag[ietic di~wlc transitions, Eq. (2)
can be used with tile conversion that a Ik)tlr [tu~g[lctoll  is equivalellt to 0.009274 Debye. Note



tllilt with this definition the itltensities  arc dcfillcd with mspcct  to the total concentration
of the vibratiou-electronic state of the specim. NTo vibrational partition functiou is included,
cX~cl)t Where eXplicitl~  stated iti the []oc~lll](~llti~tioll.  Care is takcll to assutc  that ‘&~ and
Q,, arc dctcrmincd  with the same state dcgcnctacics. For the catalog, Eq. (2) is evaluated
for T = T . = 300 K.

values  of Iba at other temperatures cau a]so be obtained from Eq. (1 ) once the temperature
dcpcnclcnce  of Q,. is known.  For linear Inolcculcs,  Q,, is proportional to T in the litnit where(
the energy spacings are small comparecl  with kT. For nonlinear molecules, Qrs is proportional
to T3/2 in the same limit. Explicitlyj ]b~(rl’) is

(3)

(4)

~vhere n = 1 for a linear molecule ancl 3/2 for a nonlinear molecule. ECI. (4) requires that
A“ – E“ is small comparccl  with kT and kTo.

Absorption Coefficients of Collision-broadened lines Catl t)c Obtailled  frO1ll ]ba With the
relation

I~a (T)
CY,,,., = ~;–(To/T) X 102.458 CI1l-l (5)

in which Au is the half-width at half-height in MHz at 1 tom partial pressure of the absorber
at temperature T, ~ba is in units of Ilm2. MIIz, and czr,,aX is in units of cm-l. The power
transmission through a uniform medium of length L at the peak of the line is cxp(-a~,aXL).
The attenuation is a,,,~X , x1 4.3429 in cIB. The corrcs])ondin.g  value of On,aX ix: the thermal
Do~tder  limit is

_ Iba (T)p
CY ‘“ax –  

Av~
(~~/y’)  X 151.194 CII1-’ (6)

in which p is the partial pressure of the absorber iu torr, and Avd is the Doppler half-wiclth
at half-height in units of MHz. The Doppler width is given by

Avd = 1.17221 X 1 0-” 6 
X Vb. @/TO)(28/m) (7)

in which m is the mass of the absorber (in atc)mic  mass units). The explicit iuvcrsc  tenl-
pcraturc  dependence in Eqs. (5) - (6) is duc to the convcrsioll  of dcllsity to pressure units.
‘~’here is additional implicit tcmpcraturc  dc])cndcncc ill ~~~(~’) and in the w’idths. IN Eqs. (7)
- (10), ub~ is the liuc frequency in M~Iz.

The absorption cross-section of an iuterstcllar  absorber integrated over a 1 km/s-velocity
iuterval  is

rba
ob~ = ‘– X 2.99792 X 10–g C1112. (8)

l~b,,

‘1’hc: power transmission through a uniforl[l  Illcdilll[l of Ierlgth L and Ilul[lljcr  ciensity  p i s
~xp(-~bap~.).  The inverse of ~b{l is tllc colul]lll  (Iellsity ])cr unit  ol)tical dc])th  in the satnc 1
lit]]/s-velocity i]]tcrval.



“~~lt!  average s~)otltancous  etllissioIl  rate flolll  ttle up~)cr  states illtO t]lc lower states is

.&a = ‘b~ (~’) ~:(, [@3/g’] [c- 1’;” /~’f’ _ ~
-  f?; ’/k’r-l ~ r2.79(jLl ~ 10-16 ~ec–l (9)

w ~ba(To) v~a[~r~(To)/g’]eF;’j~qL  X 1.748 X 1 0-9 
SC’C-l— ( l o )

in ~vllich  g’ is the degeneracy of the upper  state. ‘llc value  of g’ is listed as part of the
spectral line information in the catalog. Values of Qr$ are listed in the documentation and
on the directory file. Eq. (10) requires that }Wbn is small compared with kg’ ancl kTO.

It should be noted that the inforn~atioll  to make all the intensity conversions given above
is available from the directory file and from the line files, with the exception of the collisional
broadening coeflcients. As a matter of policy, }ve have not includecl  collisional linewidths
in the catalog because of the large variety of different collision partners relevant for the
laboratory, the Earth’s atmosphere, and the atmospheres of the other plauets.

4 GENERAL COMMENTS ON PRECISION

The expected errors of the frequency as listed in the catalog are usually basecl on a prop-
agation of errors estimated from a least squares fit of the observed frequencies to a model
IIanliltonian,  using the following equation:

(11)

in which En is the estimated error of frequency VT1 and ]Tkj is an element of the least square
variance-covariance matrix for tllc paralncters  ~j~.  q’his variance-covaria  tlce matrix is clcter-
mined from the observed lines by

(12)

in which the summation over m is over the experimental lines using experimental uncertain-
ties, c~,. The diagonal elements of V are the squares of the parameter uncertainties and
the off-diagonal elements of V are ])roducts  of the parameter uncertainties anti correlation
coefficients.

Tile experimental uncertainties generally given in the literature vary from 1.6-o estilnates
to 3-0 estimates and are usually “guesstimatm.” Unfortunately, many authors do not even
report their experimental uucertaillties. Tllercfore,  the expected errors in predicted lines
obtained from fits based on such data will usually reflect this atubiguity  in laboratory un-
certainties through Eq.(11) and (12). 111 sornc cases, the quality of the least squares fit of
the parameters to the experinlental  lines can be a guide to the statistical nature of the ex-
])criltlcntal uncertainties. Whcllevcr ~)ossiblc,  t}ic  cx~)cctcd  errors ill this catalog \vill reflect
an expected 950/0 confidence  int, cr~wl Imed on tllc Inmlel used to flt the data. IIowever, the
errors  call be different
itl])llt error estimates.
frolll tllc catalog.

froln this {Iesigll  goal I)y factors of three jllst  dlle to the quality of the
IJillcs with all ex]wcte(l  error greater than  1 C,[IZ have bccll droplmd
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The expected errors  can only be computed relative  to the model use{]. mle~e are at least
ti~o WayS the II1O(1C1  C~Il  h %flOIl#’ for the predicted freqllcncics.

First, higher or{lm centrifugal distortion terltls lnay no lotl,ger be negligible for the pre-
dicted frequencies. This effect will generally be important for lines of higher J or K than
the laboratory-determined data set. In a sense, the predictions are then a form of extrap-
olation rather than interpolatioll  and are, therefore, more suspect. A second factor leading
to discrepancies in the predicted freclucncics comes from “resonances.” These resonances
come from a near overlap of energy states that are couplccl  by elements of the Hamiltonian
matrix. Poor predictability colncs  when these elelnents are neglected in the model or are
treated inadequately by sonle  form of perturbation theory. Such a neglect of coupling ele-
ments is always necessary at some level in any practical calculation. A major contributing
problem is that often the existillg data set is not sensitive to the parameters that are needed
to characterize the resonances.

Precision in the intensity estimates is generally less critical than precision in the fre-
quency. Contributing to intensity uncertainty are errors in the dipole moment, errors in the
line Strength ‘SbQ, allCl errors ill the 10tatiO1l-Spill  paltitiO1l  fU1lCtiO1l (the vibration-electronic
partition defined on the basis of concentrations of the given vibration-electronic state).
Dipole moment errors come directly from the experitnental  determination and indirectly
from the J dependence of the dipole moment due to centrifugal  mixing of the vibrational
states. Line strength errors can come from deficiencies in the model Ilarniltonian  and are
particularly severe when resonances have been inadequately accounted for. Partition func-
tion errors are relatively benign but can become significant if the classical formulae are used
at low temperatures for small molecules. With the exception of unanticipated resonances
and poorly determined dipole moments, worst-case errors in the intensity will generally be
at the 1’%0 level or lolvcr.

The quantum moclcl used to predict frequencies and intensities can also affect accuracy in
the catalog. Many molecular nlodeIs are found in the literature. In princi~de,  a very general
Inoclel  should be able to treat every possible case. 111 practice, this is hardly ever done. A
specific model is most frequently used for every case, mainly because every author starts
with a different viewpoint of the problem. In our case, ~ve have tried to develop a program
that will treat a wide variety of problems with a minimum of adaptation. This saves a great
deal of time in the initial setup, and provides a uniform output format for the final results.
h!lost  importantly, the basic treatment is the same for every molecule, regardless of the
model usecl, so that a high degree of consistency can Lo maintained, facilitating com])arisons
between different molecules. The particular Inodel  needed to analyze a specific problem is
treated as a subroutine. For certaill  problems, t}lis su})routinc can be quite simple, but for
others, it is more complex.

Simple singlet sigma diatomic,  linear, and symmetric rotor molecules are treated together.
AsymInetric  rotors with and without various com~)licating  interactions are treated exactly,
~vithout  any perturbation exl)ansions. This is done by Crn[)loyirlg  tile I1a[tiiltoniarl  operators
to generate the matrix clcmcnts. All ~msil)le ol)erators  can I)c used, so atly conceivable
illtcractlion  can bc inclllded initially.

Ck)Inlllcllts 011 specific moflels  are given for the illflivi(lllal  species



5 FORMAT OF QUANTUM NUMBERS

For the later  editions of this catalog, we have attclnpted  to use a quantum number  format
convention that allows the quantum numbers  to be accessed easily  by colnputcr  (see Table
2). First, the upper and lo!ver  quantum nunlber  sets have been separated into distinct
fields. Second, the quantum format designations ha~c been definecl to ha~e more accessible
information encocled in them. The quantum number format clesignation, QNFMT,  is a(
4-digit quantity in the catalog. We clivide QNFLMT into a series of digits so that

QNFMT= Q. 100+H.  10+NQN

in which Q determines the type of molecule (see Table 2), H determines the coding of half-
integer quantum nutnbers,  and NQN is the number of quantuln  numbers for each state.
Q is defined so that MOD(Q,5)  is the number of primary quautum Ilurnbers. If NQN is
greater than the number of primary quantum numbers, the degeneracy is derived from the
last quantum number. Otherwise, the degeneracy is clerivecl  from the first quantum number.
H is a 3-bit binary code for the existence of half-integer quantum numbers for the last three
quantum numbers. The least significant bit refers to quantum number NQN and is 1 if the
last quantum number is half-integer. In the catalog, all half-integer quantum numbers are
rounded up to the next integer.

The parity given may not always be experimentally determined, but the parity conven-
tion is guaranteed to produce parities of the same sign for interacting states and to produce
a change in parity across dipole allowed transitions. It should be noted that for symmetric
top transitions with no K splitting, the parity clmignation  is frec]uently  dropped. Unless
otherwise stated  below, the parity of ~)rolate  sylumetric  tops follows the parity of K+l for
the corresponding asymmetric top level, while for oblatc  tops, the parity follows K_ 1. For
example, the level 53,2 for an asymmetric rotor IIas K = 3 for a prolate symmetric top quan-
tum field, and K == –2 for an oblate  top. Huncl’s  case (b) quanta are similar to symmetric
top quanta except that K is replaced with A. lIuI]d’s case (a) quanta also have parity en-
coded in the A field. The correlation between parity and e,f dcsignaticms should follow the
recommendations of J. M. 13rown et aL3  For reference, this convention is



TABLE 2. QUANTUM NUMBER FORMATS

Type Q D R Quantum Orcler

Atom o

Linear  --- Z 1

Linear --- Case b 2

Linear  - -  Case  a  (2S+1 odd)  3

Linear  - - -  Case  a  (2S+1  even) 8

Symmetric rotor 2

Symmetric rotor with vibration 13

Asymmetric rotor 3

Asymmetric rotor with vibration 14

0

2

2

2

2

3

3

3

3

.—

(J),(F),. . .

No,,,

N, A,,,

J,O, A,,,

J+;,C2+  ;, A,(F1), (F2),(F)

N, K,(J), (F,), (F2),(F)

N, K,v,(J),(F,),(F)

N,k-l,K+l,(J),(F1  ),(F)

N, K_l,Kyl,v,(J),(F)

Conventions: 1. Half-integer quantum numbers are rounded up.
2. The sign of A and K refers to the parity under inversion
of spatial coordinates, not the sign of the operator.
3. Quantum numbers in parentheses are optional.
4. DR is defined in section 2.1.



For odd-s])ill  nlulti~)licity:
i f  p(-l)J~*i2  = –1, then e
i f  p(-l)J+l/2  = 1, then f

For even-spin multiplicity:
if p(-1)~ = 1, thcm f
if p(–l)~ = –1, then e

where p is + 1 according to the parity. Care must be used because this convention is not
universally followed in the literature.

6 FUTURE WORK

Future additions of this catalog will add more atoms and molecules and update the present
listings as new data appear. We are currently working on an number of molecules of inter-
stellar and atmospheric interest.
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‘[ ’ahlc  1: [jist of Socci(w irl ttle Cataloz
‘1’ag N a m e  —lilies ‘1’ag Na!ltc Iir[cs  “  ‘1’ag Name linrx
1001 }1-atom 1 41001 c: I13CN v8= 0,1 2930’1 52013 CNCN
2001
3001
4001
7001
8001
8002
9001

12001
13001
13002
13003
14001
14002
15001
16001
17001
17002
17003
17004
18001
18002
18003
18004
18005
19001
19002
19003
19004
20001
20002
20003
21001
21002
25001
25002
26001
27001
27002
27003
27004
28001
28002
28003
28004
28005
28006
28007
28008
28009
2’3001
29002
29003
29001
29005
29006
29007
30001
30002
30003
30001
30005
30006
30007
30008

[)-atom
[[r)
F12[)+
Li-6-1[
L,i}[
I,i-6-L)
[.i D
C-atom
G 13-atom
C:H
CH+
N-atom
N-atom-1)-state
NH
C)-atom
O}i
NI13
cI13r)
NH3-v2
OD
N-15-113
H20
NJ12D
1120-V2
HO-18
111)0
1120-17
H30+
1)20
IIF’
H20-18
1100-18
I)F
CCH
NaII
CN, V=O, l
Hch’
IINC
IICN-V2
C-13-N
c o
lIC-13-N
IICN-15
DCN
HNC-13
HN-15-C
DNC
}ICNII+
c o +
C-13-O
II CO+  V=0,4
CI12NII
Hc:o
NN}I+
CO-17
I[oc;+
CO- 18
II C;-13-0+
I )  Co+
I[2C;0
C-13 -1[2N11
CI[2N- 15-11
CI[2ND
NO
NNI)+

1
1

19
33
40
40
40

2
7

324
9
2
6

926
2

788
446

80
442
912
235
783

5036
292
295

1401
404
420

1137
8

726
952

20
114
52

874
40
49

132
1218

91
45
35
54
34
33
53
74
88
Go

246
2957
24.5.1

31
50
40
60
3’1
41

611
4:39

410
1834
lgo{)

41

41002
41003
4100.1
41005
41006
41007
41008
41009
42001
42002
42003
42004
42005
42006
42007
42008
42009
42010
43001
43002
43003
43004
44001
44002
44003
44004
44005
44006
44007
44008
44009
44010
44011
44012
45001
45002
45003
45005
45006
45007
45008
45009
45010
45011
45012
45013
46001
4GO02
46003
46004
46005
4600G
46007
46008
-IGO09
46010
‘1601 1
46012
.t6013
47001
17002
1700:1
17001
17005”
.17006

C113CC-  13-11
C: I13C-13-C:II
C-13 -[13CC11
CI13CX1)
C:[[21)CC:II
SiC;-13
C~al [
C: I13NC
CI13CN-15
CI12C0
N}[2CN
CaI)
K-11-II
C:-13-I13CN
C}[3C-13-N
CH21)CN
I[2CSi
SiN
CIII)CO
HNCO
AIC)
CP
Cs
SiO
Cl13CII0-a
N20
C[13CII0-e
I)NCO
HN-15-CO
IINC-13-O
N20-v2
IICI’
AIOII
N20-2v2
C-13-S
Si-29-0
NI12C:tI0
}Ics+
II NC:O-18
h’N-15-O
N-15-NO
DCP
II C) CO+
AIOI)
O-17-CO
PN v= O-4
C:S-34
Si-30-O
I[2CS
[:2115011
t[coolI
N02
N20-18
CI130CH3
All’
NS
I)oco+
rtoc~- 13-o+
o- 18-CO
11’2C: -13-S
IIC-13-0011
[)(:001[
11(;001)
[’0 t v= o-l
1’()

822
813
821
822
223

2417
387

1798
2755

835
13898

501
40

9015
8951

19256
670
614
886

6078
1023
397

51
31

1347
61

691
5504

888
4332

146
34

766
194
29
66

3476
6.4

4929
85
87
31

1745
70

285
1637

3.1
67

517
12557

1888
16111

88
21735

1188
2102

G77
1735

91
110

lLIJ~
628
(;12
2:{!)
71:1

53001
5300’2
5:)003
53004
.53005
53006
53007
53008
54001
51002
54003
54004
54005
5-1006
5’1007
55001
56001
56002
56003
56004
5GO05
56006
56007
56008

57001
57002
58001
58002
60001
60002
60003
60004
60005
61001
61002
61003
62001
62002
62003
62004
62005
62006
63001
63002
63003
6300’1
63005
63006
63007
G3008
G1OO1
G1OO2
64003
G 1001
64005
65001
G6001
GGO02
66003
6GOOI
(;7001
moo” 1
6!)[)01
6!)002

C21[3CN gs,v’s
c~l-37-o
c;- 13-CCO
C:c:- 13-CO
CC: C-13.  O
CI-37-O-V1
C2F13NC:
l[NCC~N+
CI12CEIC-13-N
CH2C-13-HCN
C;-13-E12C[{CN
C112CDCN
IIocl-3i’
C; CC:O-18
IICCCHO
C:2115CN
CI13CH2C-13-N
C[13C-13-I12CN
C-13 -I13CH2CN
C2115CN-15
CF12DCH2CN-S
CH2DCH2CN-a
Ccs
C2113CII0
Mgs
C-13CS
CC-13S
c~cs-34
NaCl
Ocx
SiS
HCO(0)Cf13-A
11 CO(0) CH3-E
NaC1-37
OC;-13-S
Si-29-S
C5H
OC;-34-S
O-18-CX
Si-30-S
SiS-34
AIC1
C:51)
IIN03
[I N03-v7
II N03-v9
II N03-v6
II N03-\8
II N03-v5
F’S
1’02
S2
S02
Alc:l-37
C:’lo
S02-V2
S-33-02
CO1’2
S-3.1-02
caNc
Soo-ltl
0(:1 -35-0
(:(:[:s
0( ‘l-37-o
(“3[[7CS

206
75697

2624
99
99
99

2132
9362

99
118
117
116

6381
6925

99
8407

52883
1183
1252
1183
1621
1166
1286
563

24051
99

1013
1015
565

99
99
97

16153
17260

99
99
98

2594
99
99
99
99

11525
4436

36551
16478
32404
15704
14537
13269
2340
7323

174
13573
11326

535
922.5

19048
23090
1189-1

259
9758

57232
99

49388
131319

11
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‘1’al)lc 1: [.ist of S~~cim in th(, Catalog (cc)n.  )
‘1’a~ Name Iillm ‘1’ar Narrle Iirlcs ‘l’au Nalr]c lines

—L
30010
300 i 1
30012
31001
31002
31003
31004
31005
32001
32002
32003
32004
32005
32006
32007
33001
33002
33003
34001
34002
34003
34004
34005
35001
36001
37001
37002
37003
38001
38002
38003
38004
38005
38006
39001
39002
39003
39004
40001
40002
40003
40004
40005
40006
40007

HOC-13+
NO+
[)0(2+
HCO-18+
112(3 -13-0
EI Dco
HO-18-C+
HNO
02
02-V1
CH3011
H2C0-18
02-snglt-dlta
D2C0
DNO
H02
0-17-0
S}[ V=o,l
0-18-0
H2S
pH3

H202
SD
HL)S
Hcl
I)cl
C3H
C-C3H
IICI-37
c-C3H2
C3D
C- CCC-13-H
C-C-13-CCH
C-C3D
c-HC-13-CCH
C- HCC-13-CH
c-c3fI[)
I) CI-37
CH3CCH
NaOII
SiC
SiC-vl
K H
C20
MgO v=O,l—

——
40

15’1
40
31

601
420’1

40
10293

237
237
709
449

67
3682

14739
21954
10787

646
400

1525
728

38357
1125
1138

137
228

4990
2973

137
30436

1560
6541
9753
6001

17768
6892

21610
228
813

91
982
703
40

354
88

‘Mooi’
4800’2
48003
4800-1
48005
48006
48007
48008
48009
48010
49001
49002
49003
49004
50001
50002
50003
50004
50005
50006
50007
50008
50009
50010
51001
51002
51003
51004
51005
51006
51007
51008
52001
52002
52003
52004
52005
52006
52007
52008
52009
52010
52011
52012

2si 1
111

7089
49-17
9685
3031

10912
2364

194
26092
52613

742
274
280
179

3184
7301
2387
4213
6372
1351
273
269
139

2585
2112

563
291
291
278
574
152
146
144
99

156
6929

30.1
99

6403
11942
7808
3098

73001 C61[ 3031
74001 KCl 99
74002 c2H500cfI 60671
75001 II CCCCCN 99
75002 I[2NCE[2COOII I 27217
75003 H2NCI12COOH  II 26544

——
so 330 7000; CCCS-31 99
SO-VI
H2CS-34
03
03-v2
03-V1,3
03-2v2
03-v1,3+v2
NS-34
so+
03-sym-o-17
03-asym-O-17
C411
MgccH
S-34-O
SO-18
03-sym-O-18
03-asyrll-o-18
03-s- 018-v2
03-a-018-v2
CH3C1-35
C3N
MgCN
MgNC
HCCCN
Clo
Clo-vl
kICCNC
HCCNC-V7
HCCNC-V6
HCCNC-V5
HNCCC
IICCC-13-N
IICC-13-CN
lIC-13-CCN
FICCCN-15
I)CCCN
Hocl
SiCC
Ccco
CH3C1-37
CH2F2
CH2F2-V4
I)NCCC

76001
76002
76003
76004
76005
76006
76007
76008
76009
76010
79001
80001
81001
82001
88001
89001
90001
92001
94001
95001
96001
97001
97002
98001
98002
99001
99002

100001
102001
104001
111001
112001
112002
113001
123001
124001
147001

}[CCCCC-13-N
HCCCC-13-CN
HCCC-13-CCN
IICC-13-CCCN
HC-13-CCCCN
HCCCCCN- 15
DCCCCCN
KCI-37
C4Si
C50
HOON02
HBr-79
CI-35-N02
HBr-81
C60
Sr-88-H
Sr-88-D
C5S
C5-34-S
Br-79-O
HOBr-79
Br-81-O
CI-3$ON02
H2S04
IIOBr-81
CI-37-0N02
HC7N
C70
Cloocl
C1-37-OOC1
OBr-79-O
SC-80-02
C80
OBr-81-O
}[C9N
C90
HC1l N

99
99
99
99
99
99
99
99

229
99

50775
143

3520
143
567
391
922

99
99

1892
9898
1892

78323
5690
9920

49505
518

99
17266
17482
52631

7484
644

52840
99

100
99


