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INTRODUCTION

Recent rapid advances in the techniques and instrumentation of infrared
spectroscopy have made the determination of absorption spectra an increasingly
more important and accurate method of analysis. However, the very refine-
ments that have served to enhance the attractiveness of the method have also
created the need for a greatly expanded information program. The Infrared
Band Handbook is designed to play a many-sided role in this program. Perhaps
its primary use will be in the identification of unknown compounds, but it will
also be of value as a guide in assigning group frequencies, as a key to most
advantageous sample conditions, as a tool in comparing series of related com-
pounds for similar vibrations, and finally as an index to the literature.

The particular arrangement of the data that has been evolved is based on a
number of premises:

1. That band position is the primary parameter for identifying unknown
compounds from their infrared spectra. The identification of a com~
pound from group frequencies alone is often difficult since many bands
are not group frequencies.

2. That modern instrumentation and techniques make possible very accurate
reporting of band position, and that, if the sample conditions are stated,
this accuracy is reproducible.

3. That much of the literature does not report complete spectra, but con-
cerns itself with the influences of physical and chemical changes on band
position. This information is frequently lost to the spectroscopist.

The Handbook therefore presents data arranged by wavenumber, in steps of
1 cm™, and does not limit itself to complete spectra.

Sources

While the most accurate data are found in the current journals, it seemed
desirable to include the widest selection of compounds in this initial volume.
For this it was necessary to use data from older sources as well as from the
current literature. This is especially true for many common organic compounds
whose spectra have not been determined recently, but which form a necessary
background, for instance, for the assignment of group frequencies.

The primary source of data for these common compounds was the American
Petroleum Institute Project 44 series. This series represents accurate spectra
of highly purified compounds, and therefore even early spectra of this group can
be considered satisfactory. The Project 44 series, which shall be referred to as
the API file, began issuing spectra in 1943. The file has been updated, and much
of the early work has been redetermined quite accurately. However, some com-~
‘pounds have not been redetermined, and a few of these older entries have been
included in the Handbook for completeness. It has been our experience in com-
paring these early data with those of later work that they are quite similar,
except that the accuracy of the earlier work, especially in the 3600-2500 cm ™!
region, is much lower. But all incorrect spectra have been replaced with other
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data by the API workers. The only other source ot clder data has been several
textbooks.

The remaining Handbook data have been taken from the literature published
since 1957, although secondary references to earlier work will be found in the
reference list. While the API file of course gives only complete spectra, data
from the current literature may cover either single bands or the complete
spectrum of a compound. In either case, only tabular data were used and in
the interest of accuracy no attempt was made to measure band position in
printed spectra. It should be noted that the ASTM indexing method utilized only
printed spectra, so that in this respect the Handbook forms a complement to the
ASTM index.

Accuracy of Band Position

As stated above, data have been entered in the Handbook in 1 cm™! steps.,
While this arrangement is warranted by the accuracy of much of the information
now being reported in the literature, we do not mean to imply this accuracy for
all the data in the Handbook. A reasonable estimate of the accuracy of each
entry can be made on basis of the date of the reference, the nature of the mono-
chromator used, and the region of the spectrum involved. The following con-
siderations will serve as a guide.

If the reference is of recent origin and only a NaCl prism spectrophotometer
was used in the 3600-600 cm™! region, the accuracy of band position from 3600
to 2500 cm™ can be assumed to range from +5 cm™ to +10 cm™!. From 2500
cm™ to 600 cm™! the accuracy canbe assumed to range from 5 cm™ to +1 cm™!,
with the higher accuracy corresponding to the lower wavenumbers, If the refer-
ence is to API data prior to 1950, the accurai:y should be assumed to be even
lower. For example, in the 3600-2500 cm™' region it probably is +10 cm™
unless a grating was used, in which case it would be closer to +5 cm™.

In general, where CaF,, LiF, or grating monochromators are used, the ac-
curacy in the 3600-2500 cm™! region can be assumed to range from 5 cm™! to
+1 cm™!, i.e., to fall within the same limits assumed for the 2500-600 cm ™!
region. Some literature sources list the accuracy of their data, and this infor-
mation is entered in the Handbook whenever it appeared pertinent.

Measured with a NaCl monochromator, many hydrocarbons have a series
of common bands, particularly in the 3500~2000 cm~! region, where the band
position cannot be measured as accurately as in the 2000-600 cm™ region.
Obviously, these bands are not particularly useful for identification, and to con-
serve space' in the Handbook, only some typical examples of such bands have
been entered. The reader may assume that all compounds of the following types
entered in the Handbook have the following bands in common:

Path Length or Physical State

Band Intensit
ty Concentration or Solvent

CH; and CH, Vibrations

3370 £ 10 cm™ MWSh 0.169 liquid
3215 + 10 cm™! SSh 0.169 liquid
3180 + 10 cm™! SSh 0.169 liquid
2970 + 10 cm™! S 0.0088 liquid
2920 + 10 cm™! S 0.0088 liquid
2880 i 10 cm™! S 0.0088 liquid




Path Length or Physical State

Band Intensity Concentration or Solvent
2850 + 10 cm ™! S 0.0088 liquid
2660 + 10 cm™! MSSh 0.169 liquid
2415 + 10 cm™! M 0.728 liquid
2320 + 10 cm™! M 0.728 liquid
2295 + 10 cm™! S 0.728 liquid

OH of Alcohols
3350 + 10 cm™! S 5% CCl,

Intensity Data

It is important for the reader to understand how intensity data were entered
into the Handbook. Of all the information in the Handbook, intensity is the one
most difficult to give in a generally meaningful way.

It is not intended for intensities of one compound to be compared to those of
another, but only for intensities of all bands of a single compound to be com-
pared to each other. Of course, in some instances different compounds can be
compared to each other, but the reader should do this only after he has assured
himself that the sample conditions were sufficiently similar to make the com-
parison meaningful.

The intensity data were prepared in the following manner. Where the source
listed relative intensity for each band of a compound and only a single sample
condition was used, the relative intensity data and physical conditions under
which the sample was determined are listed. In general, no cell path length or
concentrations are given unless such data are pertinent to band position. Where
several path lengths or concentrations were used to complete the spectrum but
the author has converted intensities to a relative scale, the relative intensity
scale is used and concentrations and/or path lengths are not stated. APIdata
presented a special problem since in many instances the sample had been de-
termined using several path lengths and/or concentrations but no relative in-
tensity data were given. For these spectra the intensity reported is that cor-
responding to the single concentration and/or path length which, in a given
region of the spectrum, brings the greatest number of bands to an intensity from
5% to 95%. To indicate which bands are comparable in this situation, either the
concentration or the path length is entered after the physical state code as an
identifying mark. Since in this case either the path length or concentration is
listed, but not both, the reader must consult the original reference for complete
sample data,

Buffalo, N.Y. H.A. Szymanski
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EXPLANATION

The information listed to the left of the STRUCTURAL FORMULA of each
compound has the following significance:

The second entry gives either a

The first_lme gives the WAVE code letter indicating the PHYSI-

NUMBER in em™" and a code des- CAL STATE in which the spectrum

ignation indicating the INTENSITY was measured (see Physical State
0 of the band (see Intensity Code @ Code below) or the solvent used -

below). For gases the band center
or branch is identified whenever
possible.

for the sample {followed by the
concentration, in brackets, and
cell thickness, where pertinent).

) 4 ’
P> 989 S (R branch) /o 886 M
o }’E‘/o

A(10 mm Hg, 10 cm)
° Grating \o [B.0N0, N*

| N |
; ~ g [CH, wag] 328
o ) e

201

s The bracketed entry on the last
;’l‘A“L“f;‘Fg;fw:Trlgsﬁr":fc;°;:‘fhEé line indicates the STRUCTURAL
dispersive element L;sed the ma. GROUP to which the vibration was
0 teriF;l | of the prism eté In the 0 -assigned in the original reference,
o) ’ which may belong to either the
:nzser;?s : at?\ :n:g ’\52& re?ic;t: original or the isomerized form of
wag vee d” e tha P the compound, and the mode of

: vibration, where pertinent.

0 The number in the lower right-hand corner is the REFERENCE NUMBER and pertains
to the list of source material on pages 429-434,

Intensity Code
{Intensity is described relative to all other bands in a given spectrum, except where it is necessary
to use different path lengths and/or concentrations to record all bands. In such cases the path
length and/or concentration is stated on the second line.)

$ = Strong, M = Medium, W = Weak, V = Very, B = Broad, Sh = Shoulder, Sp = Sharp

Physical State Code
(The temperature is given after the code letter if it is other than 25°C.)

A = Vapcr or gaseous state (followed by G = KBr disk
the pressure and path length, where H = Solution — solvent not specified
pertinent) . 1 = Solid state — method not specified
B = Sample run as a liquid (followed by K = Polyethylene bagging
the cell thickness, in millimeters, where : M = Hexachlorobutadiene mull
pertinent) N = Sample above room temperature and
C = Solid, powder run as a liquid
D = Solid, film 0 = Single crystal
E = Nujol! oi} P = KCI disk

F = Fluorocarbon oit Q = K} disk



EXPLICATION

Les renseignements situés a gauche de la FORMULE DE CONSTITUTION
de chaque composé ont la signification suivante:

La seconde inscription donne soit

La premiere ligne donne I'INDICE une lettre-code indiquant. FETAT

DE L'ONDE en cm~1 etune désigna- PHYSIQUE dans lequel le spectre
tion-code lndlc!uant IINTENSITE dg fut mesuré (voir Code-Etat Physique
0 la bande (voir Code-Intensité ci- 0 ci-dessous) ou le solvant utilisé

dessous). Pour les gaz, le milieu de
la bande ou I’embranchement est
identifié quand c’est possible.

comme échantillon, entre paren-
theses, et ia cellule épaisse, la ou
c'est a propos.

{989 S (R branch)” bbose‘n_a:—_—__e
A (10 mm Hg, 10 cm) E .

l/oﬁ I Grating [H,CNO,] Na*
o~ e
!

201! [CH, wag], /328

o ) o

La ligne suivante est réservée pour L’inscription entre crochets de la
X derniére ligne indique le GROUPE
des RENSEIGNEMENTS SPECIAUX, DE CONSTITUTION auquel la vibra-

6 tels que I'élément du composé uti- 0 tion fut assignée dans la référence

lisé, la nature du prisme, etc. En originale, laquelle peut appartenir

I'absence d'une inscription, le lec- s R . N
teur peut assu:'ler u':rt a eme loyé ou a l'originale ou a la forme isome-
P 9 ploy risée du composé, et du genre du

un prisme NaCl. vibration, la ou c’est a propos.

0 Le nombre qui se trouve a I'extrémité droite, en bas, est:le NUMERO DE REFERENCE
et se rattache a la liste de matériel source aux pages 429-434,

Code-intensite
(L’intensité est décrite relative a toutes les autres bandes d’un spectre donné, sauf la ou il faut s’en
servir des differentes longueurs de traces et/ou des concentrations differentes pour enregistrer
toutes les bandes. Dans de tels cas, la longueur de trace et/ou la concentration est donnée dans
la seconde ligne.)
S = fort, M = moyen, W = faible, V = trés, B = large, Sh = epaulement, Sp = aigu

Code-Etat Physique
(Si la température est ature que 25°C, elle est donnée aprés la lettre-code.)

A = Vapeur ou état gazeux (suivi de la G = Disque KBr .
pression et la longueur du trace, ia ou H= 30|Utl0f!—501vant non specme. )
c'est a propos) | = Etat solide—méthode non specifié
B = Echantillon éprouvé en tant que liquide :ﬂ( : a;ﬁ:ﬁgi";i:;gﬁgfgszggfene
:::;;ivr'ng;:e:p;'?uez.rezf ;apcrgl‘l;:)lse), en N = Echantillon au-dessus de la température
C = Solid. en pc;udre normale d'intérieur et utilisé
o - en tant que liquide
D = Soiide, pellicule O = Cristal simple
E = Huile de Nujol P = Disque KCi
F = Huile de fluorocarbone Q = Disque KI



NOACHEHMA

Cnepa CTPYKTYPHOH ®OPMYJIbI KaxAOro coeqUHEHUA IPHBOXATCA
LaHHble, HMEIOLMEe CJeAYIolee 3HaAUEHHE

Ha BTOpOif CTpOKé IPHBOAHTCR
HepEOil CTPpOoKe YKA3hIBAIOTCHA 6ykBa KOAa, YKa3blBaiollasg HAa
ggM%pP BOJI?—IOLI g cM—1 H KOZ, PHU3HYECKOE COCTOSAHHUE, B
o6o3navaromuii HHTEHCHB- KOTOPOM H3MEpAJICH CHeKTP (CM.
HOCTP nosochl. (CM. HHMe KOX @ HHXE KOX (PH3HIECKOrO COCTO-
HHTEeHCHBHOCTH.) JIJIA ra3oB TaM, fIHUA), HJIH PACTBOPHTENb, ITpHMe-
rge 3TO NMPEACTABJIRETCA BO3MOX- HABHIMACA AnA mpo6bl. 3aTeM, B
HbIM, 0603HaYaeTCHd UEHTDP HJH CKOOKaX, YKa3blBAeTCA KOHLEH-
BETBb IIOJIOCHI. TPAIHS, & TaM, FAe 3TO CyLIeCTBeH-
HO, TOJII{HHA AYeHKH.

eT— /0 T 4 - |

A (10 mm Hg, 10 cm)
foj Grating (H,CNO,]'Nf
o -0 :
s s i 201 [CHawag) e Hr‘i“

Ha nocxexsel cTpoke, B CKOGKaX,

Ha caexyrwmeldl cTpoke nIpPHBO- ykaseiBaeTcs CTPYKTYPHASA
narces OCOBBIE JAHHLBIE, kak- T'PYTITIA, k xoropoit Bu6panus
TO: MPHMEHABUIHHCA DJIEMEHT JuC- 6L171a OTHECeHa B MEePBOHAYAJIBHOM
9 MEepCHH, MATEPHAJ NIPH3MbI H T. A. 0 cChlIKe. OTa rpynna MoXeT OTHO-
Ecnu TpeThsi CTPOKA OTCYTCTBYET, CHTBCS K NEPBOHAYAJILHON HJIM K
cjeflyeT CYHTATb, 4TO IpPHMEHS- HM30MEPH30BAHHON ¢opMe coenu-
nacs npusma NaCl. HeHHA, & TaKXe TaM, I'ie 5T0 Cy-

IIeCTBEHHO, K THNY BHOGpALMH.

CHTCA K CHHCKY HCTOUHHKOB, YIOMHHAMIUNXCH Ha cTp. 429-434,

6 Homep, naneyaTanusifi cnpasa BuM3y, asnsercs HOMEPOM CCBhIJIKH. O oTHo-

Ko/ MHHTEeHCHBHOCTH

(MHTEHCHBHOCTh YKa3BIBAETCH B OTHOLIEHHH BCEX NMPOYMX TIOJIOC AAHHONO CrNeKTpa, 33 HCKJH-
M€HHeM TeX CJly4aes, KOTAa ClleAyeT NPHMEHATb HHbIE NJIHHBI Mpo6era H/HMH KOHLIEHTpPALMH
AJIA 3amMCH BeeX mojyioc. B Takux cayyasx AJMHA Dpo6era H/HMJIH KOHLEHTDPAIHH NPHBOAATCH
HA BTOPOH CTpOKe.)

S = cunpHaA, M = cpeaHad, W = cxabaf, V = O4eHb, B = WIKpoKadA, Sh = niuevo, Sp = ocTpasn

Kox dH3RYECKOro COCTOARHA
(TeMnepaTypa cieayeT 3a 6yKBOA KOZa B TOM CJydae, ecjIH OHA He pasHAeTca 25°.)

A = Ilapo- uau ra3oo6pasHoe COCTOSIHHE G = Juck KBr
(c yKasaHueM 1aBJIeHHA H [JIMHbI H = PacTBop—6e3 yka3aHud pacTBOPUTENR
npo6era TaMm, I'fie 8T0 CYHIeCTBEHHO) I = TBepaoe cocToARHe—6e3 yka3aHuA
B = IIpo6a B }XHIKOM COCTOAHHH (C MeTona
YKa3aHHEeM TOJUIHHBbI AYEeNKH B K = IlonHaTUNEeHOBAN yTNAaKOBKA
MHJIJTHMETPax TaM, rjge 3To M = HlecTuxiaopobyTagneroBas cMech
 CYIIEeCTBEHHO) N = TemnepaTypa npo6b! BbIllle KOMHATHOH
C = TBepaoe Tes0, NOPOIOK npoba B XHAKOM COCTOSHHH
D = Teeppoe Teno, muenka O = MOHOKpHCTAA
E = Macsno Hioxoan P = Oucx KCl

F = ©TOpPOYrJeBOAOPOXHOE MACJIIO Q = Auck KI



ERKLARUNG

Die links von der STRUKTURFORMEL einer jeden Verbindung stehenden
Angaben haben die folgende Bedeutung:

1

Auf der ersten Zeile steht die WEL-
LENZAHL in cm-1 sowie ein oder
zwei Kennbuchstaben, die die
INTENSITAT des Bandes angeben
(siehe Intensitats-Kennbuchstaben
unten). Nach Moglichkeit ist fir
Gase die Bandmitte oder jeweilige
Bandseite mitgeteiit.

[ 2]

Die zweite Eintragung enthilt ent-
weder einen Kennbuchstaben, der
den PHYSIKALISCHEN ZUSTAND
bezeichnet, in dem das Spektrum
ermittelt wurde (siehe Zustands-
Kennbuchstaben unten), oder das
fiirdie Probe benutzte Lésungsmittel
(sowie nachstehend die Konzentra-
tion in eckigen Klammern und die
Zellendicke, falls zutreffend).

{»>989 5 (Rbranch)’ /o

A (10 mm Hg, 10 cm)

ovo

bsss M

Grltlng

o |
\0 [B,CNQ,} Na*

IzOIs [CH, wac]\

1328

d

o

(3

Die nidchste Zeile ist fiir BESON-
DERE ANGABEN vorbehaiten, wie
z.B. das benutzte Dispersionsele-
ment, das Prismenmaterial usw. So-
fern keine Angaben gemacht sind,
kann der Leser annehmen, dass ein
NaCl-Prisma benutzt wurde.

4

Die Eintragung in eckigen Klam-
mem auf der letzten Zeile gibt die
STRUKTURGRUPPE an, der die
Schwingung im Originalbericht zu-
geteilt worden war—diese kann ent-
weder der urspriinglichen oder der
isomerischen Form der Verbindung
angehdren —, sowie die Schwin-
gungsart, fails zutreffend.

0

Die Zahl in der rechten unteren Ecke stellt die BEZUGSZAHL dar und bezieht sich auf

die Quellenliste auf S. 429-434,

Intensitats-Kennbuchstaben

(Die Einstufung der Intensitat bezieht sich auf alle anderen Bander eines gegebenen Spektrums,
ausser in Fallen, wo verschiedene Bahnlangen und/oder Konzentrationen erforderlich waren, um
alle Bander zu erfassen. In diesen Fillen sind Bahnlidnge und/oder Konzentration auf der zweiten
Zeile angegeben.)

S = Stark, M = Mittel, W = Schwach, V = Sehr, B = Breit, Sh = Schulter, Sp = Scharf

Zustands-Kennbuchstaben

A = Dampf- oder Gaszustand (dahinter Druck
und Bahnlange, falls zutreffend)

B = Prifung erfolgte im flissigen Zustand
(dahinter die Zellendicke, falls zutreffend)

C = Festzustand, puiverférmig

D = Festzustand, Filmform

E = Nujol-Ol

F = Fluorkohienstoff-0l

G = KBr-Scheibe

(Die Temperatur ist nach dem Kennbuchstaben angefiihrt, falls sie nicht 25°C betrug.)

H = Losung— Losungsmittel nicht angegeben
| = Festzustand—Methode nicht angegeben
K = Polyathylen-Beutel

M = Hexachlorbutadien-Mull

N = Prifung oberhalb Zimmertemperatur im

flussigen Zustand

O = Einkristal!

P = KCI-Scheibe

Q = Ki-Scheibe
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Ol
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3517

fp3s17 3501 MW
ccl, C.H, Cl
CaF, NH, CaF, NH,
O,N NO, NO,
{
[NH,) 19 ° [NH,) 19
{93516 M P> 3501 MW
CCI‘ 0O =—OH H ClHl
1
H,c-o-c-l: o Io CaF, EI)
NO,
H,C NH,
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3457

Ip3dsa M P 34755
Y CH CC!
¢ G sNO, L NO,
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T . o e
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NO, O,N NO,
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P 3476 S P 345T M
C,Cl, No, CH,CN NO,
CaF, NH, CaF, NH, .
NO, oN NO, &
L U LD B




3456

P3456 S P3420 M P3420
C,H, NO, CHCl, NH, ccy, :
CaF, NH, S ] = é

O,N NO, I N7 : NZ NH, H
[NH,) 19 321 - 327

P 3455 MW »3420 MW
CsH,N c1 CCl, o
CaF, NH, C-NH

2
NO,
[NH,] 19 29
Bk s o " S

p 3454 ‘3420
CHCl, NH, CHCIl, o
CaFs n,c-&-Nm,

[NH,] 470 474

3450 M »3d0M )

E i CcHCl, ]
[ 5 -
N/ 2

; 3217 29

P> 3450 sn » 3401 Ms
C,HN NO, CCL, [5%]

CaF, NH, CH,CH(CH,),CH,
CaF, o NO OH
N 2
(NH,) 19 318
P3450 ~ P340s
OH 8
O ©cn-n-rm-c-m.

483, see also 36, 44, 482 380

P3aam " 3400 § B )

(CH,),0 3
CaF, ©© CH-N-NH-C-NH,
NO, H,C

, NH, CH;

" [NH,) 19 380

> 3437 34008 ’

P NO, 8-CH,

CaF, NH, CH=N-NH-C-NH,
ON NO,

. [NH,) 380

L N . e I . DRSRU—

3435 M

i CeH,N

H CH,-NH

{ CaF, NH, 2 3

] O,N NO,

T(NHy) 19 383

P 3435 M P> 3400

. E NH, CHCl,

' XN | XN\NH,

! N% N7

; ?27 327 é




3380

I 3305 Mw %»asaa MW
CEN o | G o
2 i CaF,
NH, NH,
O,N NO, ¢ NO,
19 | [N, 19
iP3304 3382 M
cel, N, CB,ON *.*
CaF, CaF, N-CH
O,N NO,
L R e - — - ”
»3393
CCl,
CaF, NH, NH, §
O,N NO, ON NO,
[NE,] 1 [NH) B 1
P 3392 M p3381M §
(CH,)0, CCL, CHCY, o . CaHLNO, al :
CaF, NH, | CaF NH, 5
NO, H NO, g
: i
i . 10 ) R
» 3391 MS #3380 MWSh ?
ccl, (5%} | B(0.169) , i
: (CH,),CHCHCH (CHy,), :
CH,CH,&&CH,), . sla CH, stz
i CH, H
{
194 301, see also 472 |
5 i . " i e s e
CHCl, - cay, A\
CaF, NH, H
— Ol
CH, H
19 ¢ [NH) 35
P 3380 Msh |
A i
? i
H-C=C-C-H :
[NH,) 19 18
» 3385 VVS » 3380 VS i
B(0.055) U CH, CHCY, "
CaF, Bl CaF, N-CH, i
f'l O,N NO, :
344 [NH) 19
P 33848 3380 M )
C.H, i CCL,, CH,, CHCl, NO, H O .
CaF, N-CH, CaF, N-C-CH,
O,N NO, o.N NO,
[NH] 19 (NH] 19
p 3383 8 P 3380 M ¢
cCl, " CeH,, O :
CaF, N-CH, :
o e oo TN
OCH,
[NH) 19 (NH] 35 |




3379

p3379 VVS
B(0.055)
CaF,

B TN

H,C U CH,CH,
N~ CHs

|
H

343

p33BM
i C.H,NO,
CaF,

(NH]
13376
i CHCl,
. CaF,

- [NH,]
»3373 MW
CH,CN

3372 MS
G

(v

P»3370 M
CeHy, CCl, CCl,

[NH]
P3370 M
c.q, ce,

[NH]

3368 S
C,H,NO,
CaF,

[NH,]

3367 VS
v

P 3367 VS
ccl, [5%)

H

N-CH,
oxl _Jo,

19

470

O
Cl

NH,
NO,

OH

35

OH

35

19

(CH,),CHOH

460

CH,CH,CHCH,CH,

196

?‘3367 S
cey, [5%]

(CH,),CHCH,CH,OH

) »3387 MVs' o
ccl, [25%)

CH,
CH,CH,CHCH,OH

1
N-CH,
O,N NO,

NO,
N}ll

NO,

»3365 M
(CH,),CO
CaF,

3364 M

CHCl,
CaF,

{NH,]
»3363 MW
CHCl,

CaF,

NH!
CJINH

3362 M

CoHy, CoH.NO,, (CH,);0
CaF,

NO,
NH,
NO,

»3362 M

ccl,, C.H,
CaF,

NH,
AN

P> 3361 M
c,Cl,
CaF,

NO,
NO,
[NE,]

‘P 3360 W
CH,Cl,, CHCl,

(2
Ol
[wH}
»3360 W

CH,Cl,, CHCl, O
Qe
CH,

[NH]

6

321

19

19

19

19

19

35

35

18

:
i




{»3360 M >3350 M

CoH,yNO, CH,Cl,, CHCl, O
g .
NO,
NH, : H,CO =N OH

35 §

[NH,] . B L) B . R
p3se0 P 3350 M ‘
CH,Cl,, CHCl, O

CH,NH, ’ Q ~ Q o
: H,C :
w0 | m) ' B
B e S RS RN 38 % pp——- N b Y B A SN L RIR 3 o ~m»u/wmwwx\e‘0;&umwf~\\»mv4 A xtones - w0t BRI B R
iPpr3360 MW Pp38350 M8

C,H,N };I CH,Cl1, O
CaF, N-CH,

ON ©;«o, On:n OH

(NH) N
P 3358 MW P 3349 MW
C{H,NO, No, H O e No, H
CaF, lll-g-cﬂ, H aly, N-C-CH,
j O,N NO, ‘ O,N NO, :
[NH] 19 . [NH] v
‘3358 M ‘ ‘P 3348 MS
CeH,N o, . CH,CN
CaF, S NH, CaF, ©NH,
NO, £ O,N NO,
19 19
ip3358 M P>3348 M i
ccl, NO - CH,CN
i 2
No, NH,
L B i L0 o R Ln
[P3356 VS »3344 MS
i cCl, [5%) CHC,, C,Cl,, CeH, Yo,
‘ CH,CH,CH,0H 5 CaF, NH,
! O,N NO,
s14 » [NH'] P 19 ,
pissOW P3343 MW
CCl, [0.007 g/ml] o (C,H,),0 a
[]
C-I;IH CaF, NH,
CH, NoO,
(NH) I L , *
‘3556 M p3342 Sh

cH L, O (C;H,),0 NO,
CaF, NH,
Ol e

Cl
19

(e I IR . -
3350 M P 3340 MSh

CH,Cl, B(0.169)
) (CH,),CHCH,CH,CH(CH,),
Ol
‘ ci A
' [NH] 35 ' 137, see‘also 3:119 ‘
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3340

P340 M P3330 M§
E, G, CHCl, . GClL,
©N=N OH ©N=N OH
1 NO,
§>334o vs P3330 M
B(0.169) CHCl,
&
C=CCH,CH,CH,
ol Ol
O,N
KB it 6 S et e . e . INH].
P3340 M 3330 M
CHCl, E
I N
©N=N N/ NH,
cl
(NH] 35
. T
)3340 w P29 M
CH,Cl,, CHCl, P, CH,CN, CH,N NO,
CaF, N-CH
O i
[NH]
»3340 W
CH,Cl1,, CHCI, : s
\ i|l (|’l é ,CH,'CH'\
n,co@ = E N‘CH,-(:H,’
;
L L
gbsaao M §>3325
CH,CN !
Cn;‘ R . "
: NH, j NH,-NH,
oO,N No,
- (vm,) 1
Koo InITR—. . OBE SEMCHEIN 5, s .- st
»3338 M ‘P21 M
- (CH)0 P NO,
CaF, <:© CaF, NH,
NO, : NO
NH, 1 O,N 2
f [NH:] i [NH,]
gbasss vs g>:mo Ms
POA E, G, CH,Cl, O
{
%
¥ -
} HC»C-C-H 1 @ N O on
£
; NO,
| [=cn) 18w :
P3334 M T ipss2o M
i CHCl,, C.H, No, H E, G
| |
. CaF, N-CH,
3 O,N NO,
L) . ROULL
3334 >3334 »3320
i E, CHCI E, CHCL
: * N\ NH, cel SN : NH,
! - ! w S
:\ N g N 4 Z
i "
L . ™ e

. R

e st

o e e

35

35

327

18

31

485

19

35

35




