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Foreword

Instrumental methods, especially infrared, nuclear resonance. mass and
electronic spectroscopy, have in recent years become very important
for the elucidation of the structure of organic compounds. The number
of textbooks and particularly of monographs has increased correspond-
ingly to an alarming degree. The especial effectiveness of the combined
use of these four methods for the structural elucidation of organic
compounds was first impressively shown in 1963 by R. M. Silver stein
and G. C. Bassler in ‘Spectropmetric Identification of Organic Com-
pounds’. Today this combination is already being taught systematically
in various well-known colleges. Experience gained from courses and
seminars in the organic chemistry laboratory, Eidgendssiche Tech-
nische Hochschule, Ziirich, was used in the compilation of the tables
given in this book. No claim to comprehensiveness is made: instead
data have been selected which by experience have been found sufficient
for the interpretation of the spectra of relatively simple compounds.
The tables are intended primarily for those who wish to make use of
the advances in instrumental analysis without having an expert
knowledge of the various spectroscoplc methods. Consequently only a
basic knowledge, such as today is found in the basic training of an
organic chemist, is assumed. There are doubtless omissions in the
tables and wershould be grateful to have these brought to our attention
and also for suggestions for improvements.

We sheuld like to take this opportunity to thank all those who have
been in any way involved in the production of this book. We especially
thank Dr. C. Pascual, Priv.-Doz. Dr. J. Seibl and J. A. Vollmin for
their collaboration in the preparation of tables in their own fields.
Likewise we thank the technicians of our mstrumental analytical
department for recording the spectra.

3 W. Simon
Ziirich, July 1966 J. T. Clerc



Editor’s Foreword

The book in this Series Applications of Spectroscopy to Organic Chem-
istry by Brand and Eglinton provides for honours students a review
of spectroscopic principles and, by means of examples and problems,
shows the relationships between structure and spectra. The successful
application of spectroscopic methods depends on experience and
practice and this volume by Simon and Clerc is regarded as comple-
mentary to the earlier text, in providing a large number of additional
examples and problems. -It is also likely to be a valuable reference
beok at research level. d

M. F. Grundon
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Introduction

In the following tables abbreviations have been avoided as fur as
possible. Long explanations are therefore unnecessary and only the

following general notes are given.

IR:

UV:

NMR:

MS:

Infrared spectroscopy

Data given: wave number § (cm~!) of absorption maxima of
solutions in solvents of low polarity such as CCl,, CS,, CHCI,
cte. The following abbreviations are used for the assignment of
individual absorption bands and for intensity data:

&, strong

m. medium

W. weak

V. variable

st. stretching vibration

skel.  skeletal vibration

def. deformation vibration

as.  asyuunetrie

sy.  symmetric
Spectroscopy in ultraviolet and visible regions (electronic spectro-
scopy) * |
Data given: wavelength 4., (nm) of absorption maxima of
ethanolic solutions; decadic logarithm log ¢ of molar extinction
coefticient ¢ at the corresponding wavelength.

Proton resonance spectroscopy

Data given: chemical shift 6 (ppm) based on tetramethylsilane
(TMS) as internal reference in solutions in CDCl; or CCl,:
Coupling constants J (Hz).

Mass spectroscopy

Data given: mass to tharge ratio, m/e, of corresponding frag-
ments. The molecular ion is represented by M.



rmoitanhoatad

sp_ a8t o bobiesa gosdl sred s teb pedde caldns < il sl fid

a1 vino huas riseeooomitn wlienlt 91e znorteo sty

cgoorotiyg- hrulal

Yo nacizRr oo kpwedn te (8 nen 3o b w2se oy e3sCl
dOHD &) 0D wi dune iiwslag wol Mo atnecrlos ne aimeisrlos
Yo drtasrmgtezs o) 101 Lo vas aelisrotdds gulroller od'f a0
satal g zoond 0) bas -Lasd moitquosts Isshoribi

P TRS S =

4 yAf -

Vigen ni i

olduiyn s "

Ilv'l',.u”'/ -_:,_‘i;l.,—”,).”.‘ |

voitgrdiv fel ade fode

goiisrdios poirsumob b dsh

RN G

abvisgiie - s
=omtosg: simomivsls) rueiny ldizis hus foloivesiln ol 2qoseonnagd
" (vqone
Yo. petizem goiiquoads Yo (mo) 08 dimmsleren caavig sl
dgoizaniixge aslom 10 2 yo! mdsisgol »ibsash ;aioiinlos silonsde
A3gnul e giibisoizorion od) 1.« inginiftons

rionEoElBoqE a9nun0ses notortl

agslizh diometior ao boesd (mquy) & slide Losirody g ssU
0D 10 JOAD) mi epotidos ab ssporster lumtsinn as (AMT)
(sH) Lzsosi=uoo puilgud’)

qaven 1109y axnlll

-gemt amibaoqzoros lo 3o oty agisd® of sz e srsCl
46 v bovimozongan zi aor istooaloce ol T winaia

uH’ lLl
vind aldizsong

eTER ons - ont 1omeay aatgollot

<5

VI

HEA



aded 1xou o3 wo ponunuod wiep -G pue ~YUN ‘~AN

‘1038 *(*HD)DO— 3op

Buwr 98 [D) 98 D 98 OS 38 §O “Jop ON f(ewerd-yo-4mo) ‘Jep *HN
f(oum[d-jo-1no) *Jep Hay ‘(eur[d-jo-jno) ‘jop PO = :uoiSes owres ur os[y

W0 0P L~ FREPHD)—(O— :0S[® 00 '1-.UId ()8~ 3B SoUBXQYO[0LD

I0J O[qISIAUI U33JO ‘esusjul sso] puB—(;—wo (08 03 dn) serouenboay

Bydy 98 F>u Jog FIYPHD)— 0§ Juesery ‘—IHD— Jo Bunjooy ‘[oy® ‘A W2 QgL ~
JoP HD
‘€% 91q®], < sdnoad *H) ‘wed 10§ 9deoxe eousjrodu [Bo1povId ON ‘(o8 A [ W0 0QTT " 0SET
8 D—D
U0 OFET"09ET 98 59Y8t008 ‘souoje [Ayjewt uy
sdnoad *fp ou yjmm spunodwoo 10y Jurssiy
'€3 olqe], < sdnoad [Ayjewr ‘wed 10§ e[qnor | ‘48 ‘Jop *HD ‘W w0 08ET ~
. . . 2
| [5G O[qB, < ‘r-ud .“ P nMOW T 0 OgFT ~
00¥1"""0FF1 28 Iy 10 D=0 09 quenelpe sdnoif ) yym se pejeanyoy, s® ‘Jop *HHD
'}8 *00888 HO '98 HIV 98 —HO= :uor3el owues Ul OS[Y
(spusq omy Lpensn) (w0 0G93 **088% * —0=H
1-Wo 08LZ ~ : —0—"HO—O0—
1-W0 0083 ~ —NHO
1-WO OT8%° " 0683 ° —0°HD
1-W0 OT0g ~ ¢ *FH—0—H
1-W0 0G0€ ~ ¢ ,VIHH :08[® 09§ M8 HD |8 -WO20983°°°0963 | | UI
80J0N. Juemudissy uonsog

sueye j— :punoduroo yo odA,

1 °[qBL

o™



. 2

o+ upl = il

3e sywad juoweduviIval ARy esey) nq ‘spunoduiod
[Auoqaeo oneydie yjm ospe syeod jo Jepio ewrey
‘Juowideay peyourlq Ly3ry orow oY) uo

sfeys Apueurwoperd o3reyo oy, ‘uorisod Juryousviq
J8 uoljBUOWITBI} WO ‘XBW 0AljR[eI fAjISuejur ul

uoBIBA IBMIOLIT {1 + UPT Q8 ‘TIL ‘LG ‘CP 6T = W 1S2UDYIDOS [
SI—I
2 2
= ;Y8 UM LG 30 gF = — 98 "XvW ¢ Aq1su0)UT Ul UOTY
2
“SEEL. SROOVRNG ST + WELGS I L8 0 e < I8OUDYY U syuowSeag
uHT = w asuejul A]9)BIOPOW $oUDY)D0)IA20UO T
gt upr =2 “v_do\s KA 189UDY)DOS T
w eom :8ouUDY]Y-u | UOT IB[NOS[OIN S
$¥ 0198, < ‘e[qejejox Aeery yj1 ZH L9 ¢ HO-HOp
wdd g°0***g'0— HVIH.H :08]B 00g
‘Teudis paanjonags n_v
-un ‘proaq e A[rensn oAl8 sJull pelequuewi-Q 3S8S[ 1B M SII[DAIIY O—HO—0 wdd g' 1 1'1
i1 O1F8L = AFRYS [BIOL JOHOHEWTISH 0—*HO—D
“*HO—*HO—-*HO— 10§ je[dijopnesd oystejorIBy) *HO—D wdd z'1°g0 | NN
*SU0qIed0IpAY PojeIngss J0q WU ()[g 9A0QE SUOU AN
S030N juemudissy uonIsog

(*yu0o) 1 e1qB,



@L J
Z—UFl = bt ‘yuotefuBiIear ¢ <~ 1 Apuenbeay sounywopoficouojir
u

rwiad < 008 < (8} 1) ‘€

‘pes < 1109 << *9enb 1.0 7

008 < 103 < *980b gD T

11 Apemoniaed sIN000 JUSWOSUBLIBAY

e
@ Qi \.\ T__

QO — H ¢S
2 @ :

WL g ‘quowreZusareod ¢<— | Ajyuenboug :89UDYIVOS T

Quou S SOUDY T U

‘sougefoAod y3im osje syeed jo Jopio ewrsy

:sounywojofiofijog

2
fL0T ‘6 ‘€6 ‘18 L9 ‘95 ‘T¥ = e

"S[O1{00[8 PUE SOULN[B [Ilm Os[B Jopdo yeod owuey

woJdy -

*Juia 03 puoq jo uonyejuUsWSeIy

XBUW 9A1B[AI ‘[ —UP] €8 ‘69 ‘GG ‘1¥ ‘LG = Mis :80uUDYID0)2fd0UO JIT

syuewt
-o3uBLIReY]




*6Z olqe, <— X'y jo uonyvw
-1980] "0€ OIqB, < fxk < x (¢ °F = 2 Bof) wu (gg< souafijod bnluoy)
wu 0rg<
uonpdiosqe pue uejjo peininsans AYSiy Ji {SpuUoq O[qNOpP PJER[OST I0 g

wiu ()[g 9AO0(B oUOU

AN

=W OEFITUGRPL S JOp D =D—"H)) 0s[® 09g
i

“(ousyd-j0-9n0) yop H—) '1038 (*HD)DO— ¢'jop Bury

98 100 98 0d 98 08 ‘98 8D 39p ON *(euwld-jo-9no) ‘jop *HN

1oys 0—p {(euwrd-yo-mo) -jep ‘zoss® H(O ‘(eus[d-jo-ino) ‘jop HD
¢ (ouwrd-Jo-1mo) *yop HIy ¢'[oys ¥ <*(*gp)— fuordar eures ur os[y
P o[qe], < uorninsqans jo od£y autuLIe}ep 03 o[qissod uey()
SPUOq JNOP PAINIIISANSLIG} UM JUISSI[{ 'SPUBQ OM] SOULI}OUIOY

eouryIoduur [eo13oeId oN
‘08 olqe,
< 62 OB, < f-ww O8CITT0CYT e spurq proaq :sauafijod ‘bnluoy)
"0 OIqB, < %
$6G AR, < fi-Ulo 009~ PUB (WD (OCY[~ P8 SpuUBQ g  :souap ‘bnluop
‘8 9IqEBL <
frW0 09T~ 98 0=) WO GYF~ '8 Q=) ‘spoury
15 ON
8 N=0 ‘(eunid-ur) ‘Jjop FN {98 ‘Snluod ()=[) :uorder owss ul oS[y
$3 9lqu], < uonninsqns jo od4A3 euruweep 09 o[qissod usyjQ
'0=0—N Pue )=0D—0 10§

asuaul fAnowuds doySiy je Sulssiu ‘parnjIIsqusedio) J1 osuojul SSorT

*98 *Z0ssB O ‘IS [BHOH ‘18 _V‘HH {98 Iy :uo1fea oures Ul 0S[y
*SPUOQ B[qNOP PAINFNSYNSRIG [IM SUISSIN
‘spuR( [BI9A9S W) '$G OqRL <

(eus[d-30-9n0)

‘Jop HO=
(ouwyd-ur)

‘Jop HO=

% 0=D

‘98 HO=

‘8 (WO GLY 066

‘A _WIO 02T 0ZPT

‘A (W0 0F9T "1 0697

W _Wo GLET T 00TE

S910N

Juamudissy

uoIjisog

u:aa,_u =7 :punoduron jo odAJ,

LICEA



‘Suol pesIIqeIs g J|| + «
Arenpueaeyoad Jo uorvULIO [ @

1U0130BAL JOP[Y-S[O1([-0I}0I OS[B U9IJO SOUOXOYO[IAD UT

‘SU0l
) NU E— —U
pesl[iqe)s
Aqrenuereyead (P bl _ A
JO uoTRULIOq
=0 —H ® y=—=¢0
. sjuour
T = ‘yuouwreSuerreel § < 1 Ajuenbery -o8uelIBeY
‘s[oyoo[e pue seuwyBo[oAoouour 10y syeed JO Jopio euwrey
iseyBISTUx A[TpEBAI pUOQ O[qNOP
teaw)) 'puoq eorquop 03 uonsod-g pus -p ueemjeq uolpejUSUIBIJ
Aq peurioy yead osvq sosed Ausur ut ff — uFT ***°E8 ‘69 ‘Qq ‘1¥ ‘L2 = ﬂum sjuowdBr
Upl = Wom:ou:_ A[93BIOPOIN uot JB[mooxy S
wdd §3 LT 0=0—"H0
fwdd 8177791 :0=0—CH)) :08[8 008
zg g o :HO=0—HOp
zgsrgr s P70 ¢
‘P OIqBL, < ‘puoq o[qnop oy3 38 n—_—
syuenjisqns oYy Jo A31a13830U01100[0 UO SN
juenjsqns o1y Jo A31a1y 100] L EE Mp
juopuedap exe sjueisuod Juipdnoo ayf,
ZHG'E 0 ¢ Au\o..oh.
‘2P OB, < :9JIYS [BOIWSYD JO UOIPBUIIST H—D=0 wdd 08 "¢’y | KN




sod £y euey[® pue d1jRWIOIR USIMIA] Fulyenjon]f

spuewt
-o8uriIReY]
" sjuewrdes g

‘soudy{e-1 Ym Suisstux A[[ensn {§BOA\ | UOI IB[NOS[OIN S
wdd o'z~ :0=D—"HD
wdd g [~ :D=)D—CH) :08[8 99§
ZH 85 % FOm% HOp H—D=0 wddgg0z | KN
(z''1 = 2 Bo]) wru 0Pz > spueq oM [BISAGS UIJO uonydiosqe puo
{ wu 01z < Al
WO OEF1 TGP 3OP D=0D—"HY :08[® eog
i (eus[d-J0-1n0)
‘onjea _aosuw_:m ou ‘spuoq ordury paInjiysqnsip yjm Bussty ‘Jop HO= 1=uIo 009" 00L
‘ZZ OlqeL < "I Z=A=X "1 A=X :uotdea oures Ul os[y
*Aryowrwids zoydiy e Suwsstw (daeys Aqpensp) 18 D=D MWD 001210932
)8 [N ¢'18 "00sse () ‘uol3el eures ul OS[y
‘spuoq o[diy peymysqusip yim Jursstux ¢ davys Lo A 18 HO= ‘M W0 00gE ~ a1
$990N mudissy uonIsoy

sudyfe n=1 :punodwoo jo odA[,

€ 9lqBL



afed 1xou o) wo ponunuod vIEP S PUE YN AN

W0 OEFT " GPPT JOP IV—HD  :os[e ooy
*(ouerd-30-9m0) ‘Jop H—H *'1o%8 *(*HO)DO— f'30p Fury 181D 18 0
95 08 "985 §D ‘J°P ON ¢(eue[d-jo-4mo) ‘jop *HN :‘[o¥s Q—
N
¢ (euepd-jo-1mo) ‘Jop D= ¢'[oys ¥ <H4(CHp)— ‘uorder eures ur os|y ‘1948
"7 olqe], < ‘e[qeuruLejep uejjo odAl wonminsqng | ‘(euerd-jo-qno) ‘8
‘spueq g 03 1 ‘FoP HAV "W WD GELT 006
*eousjaodut 1Bo13001d (oumpd-ur)
ou ‘syuengnsqns agjod jo eouesead uUI OsUSUI {SPUBQ [BIOASS USIJO) ‘Jop HIV ‘A W0 0G6°°°C22T
‘1098 A W0 OFFTC 097
38 *8nluod =) :uor3ex oures ur os[y
1-W0 009~ 3B SPUB(Q UBY) OSUSIUT OIOUL ‘038 ‘A WO GLFT ' QZCT
Aqrensn gnq “Sursstur sewgewos —wo QG ~ 9 spueg *91[ds uesjo spueg ‘o8 A WO GLGT""*CZIT
‘gz Olqe] < ‘e[qeuruelep uajyo odA3 uonnirsqng SOUO}IDA0
*SO8SOUIY) [[00 1038913 pus suot}
Io/pue uoneIjUeUOd IoySiy e Iee[o AU ‘Ie8uy euezueq Po[[eo-0g -guiquo)) | M -2 Q991" " 0002
*18 0088% HO .
£98 [BHDH ‘98 *VIHH 98 HO= :uoides owres Ul os[y 38 HIV ‘A WO 0L0E " 0808 A1
8030N juomudissy uonsog

onemoxe : punodurod jo od4j,

¥ olqeL

[=2]



2
o1 =gt LK)
2 N
LS = B _ 2
2
901 = ouol©
]
61086 =, oio
2
£6°° 16 = o ¢ ZIQ
esopimabn®l 2 NQIO
3606 = *

:aeodde syeed esuejur mEB,ozom oy uonyninsqns uo Jurpueda(y
*qpuénbeay suor pedisyo A[qno(] ‘senjeA Iemo[

L

03 3JIys sosNB UOHNYNSANS IeyILY ‘8L°'°GL ‘GYT"°€9 ‘€909 ‘68 = > sjuowdely
-yyead esvq UdYJO ‘esudqur A15A | UOT JB[NOS[O S
wdd 8:3' '3 *IV—"HO—D
1o13uts widd ¢'z'**g'g 1 IV—FH) :0s[e 999
ZEH 1000 2 g
ZHE '3 : L H
ZHOT "L :°*°r
H
*Z¥ OIqBJ, < :9JIYS [8OIWOYD JO UOIJRUI}SH HIV wdd ¢'g*""g'9 ARNN
Aw.ﬂ...n.ﬂ Dt wwo—v
‘syySuofeasm Jeydiy 0 XUy syIys pus 2 sesrel uonesnluo)) ‘9g o[qEBT, < o 00g " 093
( ~ =3 Boy)
'gg O[qe, < ‘PE O[qBL < wu 093 °** 908 AN
Juourudhssy uonisoy

930N

(3u00) ¥ OJqeL

10



