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CHAPTER § 13-/ SPECTROSCO PY

MUCH 0F whar 1S Kvownw AB 0UT ORGAWVCC CHEMISTR/

COMES FROM spec‘moscofy WHICH IS THE sran/ or

LIGHT 0R ELceTROmAGnETIC RAVIAT 100 (EM) AS 1T

INT ERACTS WITH MATTER
\t»/ k Et/ \\

wavelength and frequency, which are inversely proportional, are related by
on .

c
VA=¢ or A= —
v

¢ = speed of light (3 X 100 cm/sec)
v = frequency in hertz

A = wavelength in centimeters "[
INFRGRED FREQUE weys ARE ABoutr /0 NHe

!
IR SPECTRG ARE MEASURED IV Tb TRAWSMITTANCE VS em

[F A MOLECyYLE 15 Poc AR, ITS VIBRATING D)POLES witc ABSORB
Ewekcy WHENV THEy INTER ACT w1 TH THE ELECTRic FIELY
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VO DIPOLE = MO IR ABSOR PTIOW
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Bovo $T RenvsTH AV D ATomic mAss
Cfe? cscocc ¢c-U » c-4>C-c¢
2200 /660 /200 3000 Q1e6 1200



meoRTANT STRETcHIvE FREQUENUES (cm-)

e-<& 12060 OF THESE, dwt)r THE C= ¢ 13(0MM0NL/OSEO

et e 1C¢0

e 1100 CZC (SO0LAYED /14§
C-Z¢ COVIVGLATED 120
AROMATIC /600

C-H STRETCH |w (-
3
sP LESS THAw 3000 (TOTNé RIeHT OF 3000)

§PY  EReATER THAn 3000 ( TOTHE LEPT 0 F 3000)

$P 3300

Alcopocs AvO AmiwnEs R-OH 3360 , 3roAn

S VT
R=11% 3300, BROAO ,wiTH 5pikE s (IFO/'( 290
A FoRr 1"/

o
- n
R-c-ot 3000, OROAD

'Rm}ovyc s - AVER/ STRoNE PEAK

"EwvERED AT 12/0
ALDE&)' DES ARE DIST;w §OISHED By 2 C-1{ STREWHES AT 2700,2800
ACInG ARE PISTIV Ul SHED 8y B RoAp oH'I 3000

COVIVGAT /ONV (0w BRS THE C0 STRETCH TO THE /LCBOREGIOWV

AmioEs ARE THE LOWEST FREQOENCIE_S/ / ¢ 30-/(5‘0

VS C3C , AMIOES HAVE MO sPYc-H (33000) Awo s HoOw

STRowv G, BROAD V-1
} FEW CA RDo~}/c5 AR SORB HIbHER THAY 1210

3000 - 3500

ISTECY 2 A 1135
TRAINED RIVGE KESTONES A TO 1790
- BONDS ABSIRGB MoRE ST RoWN ;.L)/ THRv c~C BINOS (mof(E PomR)

cnv = Jégo
C=N 22200 veﬂ)/ STRow 6 AWY §HHRP

6§ £PECT ROME 7{1./ |
MOLECULES ARE FRAL meRTED By ECECT RON imPALT (omg‘ OF MmANY TECH MIQUE
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M + 1" PARENT + /

A" + 2 = PRREWT t+ 1

PHIS LEADS TO A FEW RECOGNI 2ZABLE PRTTERNS
Br. mMa+x= 7005 ¢F M

} COME FROm HEAVIER 1SOTOPES

el mey= 33% oFm

L I*+=1/17, LARGE éAP

w onp M

N ma+2 $mecyl«ﬂﬂ‘éﬁ(v%w'n)

TRAGMENVTATIOW PATTERWVS

ACmosT ALL PISSIBLE FRAGMENTS ARE CREATED, BOUT THERE ARE
A FEWwW E sPECIALL STABLE OWVES

THESE ARE OFTEN HiIGHY STABLE cATIoNs : Altye, BEw2y( 23 }2

AlcoHsLs LOSE H,0 , c00R FOR AV M-18 pcAk (evern+t)

SKiLs PROBLEM ¢
DENTIRY common IR PEAXS ' 3,¢ ,06,171A,25
XPLA WV wHy PEAKS ARE 2,74

7

TRONG, WERK, OR ABSENVT

OGENMTIISYy THE VARIOO S

g -, S €
ARBovyc PEAKS Ccom3oinmion) 1, 8,52,

DENTIFy THE C=¢ PEAKs (CovTubATION

4 ) 24,18

USE m$§ Fox Mmw

veg ms FoR D»,C1 5, T, W 7,0

'DEWTIF) FRAEMENTAMIOY PATTERWS 8 17, /70 7/
/7 4 /7

Rwvy VSE FOR ST RUCTURE 1t D
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Table 12-2

Frequency (cm™Y)

Functional Group

Comments

3300

2200

1710
(very stong)

1660

alcohol O—H

amine, amide N—H

alkyne =C—H
|

alkane —C—H
I

H

alkene ==C <

acid O—H

alkyne —C=C—

nitrile —C=N

carbonyl >C ==}

N

alkene > ——C\

imine >C =N/

amide ~>c=o0

always broad i
may be broad, sharp, or broad with spikes
always sharp, usually strong

just below 3000 cm ™!

just above 3000 cm !

very broad
just below 2200 cm™!
just above 2200 cm™!

ketones, aldehydes, acids
esters higher, about 1733 cm ™'
conjugation lowers frequencs
amides lower, about 1650 cmm™

conjugation lowers frequency
aromatic C==C about 1600 cm™!

stronger than C=C

stronger than C=C (see above)

Ethers, esters, and alcohols also show C—O stretching between 1000 and 1200 cm ™.

ALOE“’OC 2700 4+~ 2 800

Organic Chemistry, 5/e
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ChAPTER ls{ LECTURE NVOTES FOR OREAMC CH6M/57R/ G mm 200
SN TERPRETATION OF VMR SPECTRA -

1006
MAVY WUCLIDES ARE MAGWVETIC : ‘It Amwo 'c HRVE MAcwers.

WUCLE[, WHEN A SAMPLE Is PLACED i1n 4 STROWG MA GV ETIC FIECO (/30‘
"/
THE SE MNUCLET ACT AS CITTCE BAR MAGVETS

ANV LEYS AUCGNEYD rv Tide SAME OI)REcTionw 43 Bo 1S 10w A LowENERL,
$ TRATE LIKE A ComPASS PoinvT wie WoRTH

A NVUCCLEUS ALICWED IV THIEE 6PPOSITE DIRECTION: ¢S tw A #/_c/-(E.ve/e&}/ STHi=,

VMR SPzcr RoscoPy OB SERVES TRAwSITIowS BETW EEn THESE Tw 0 ENERLy
STATE S,

THNE OPHoTON THAT 1$ ABSORDBED 1 S OF VER/ tow E'VE/‘\’&/, wiTH A Fﬂeqwem;,

(n THe MECAKERTZ RAnee (10 He, or /O‘Vuespe& §£cow0)
THIS 13 ATYPE OF ABSORPTION/EM 155100 SPECTROSCOPY, THE WUCLEI ARE

PUY 1wTo THE HICHS EVvER 6-// STATE B)/ ABSoRBINVv 614 PHoTON RS THENVVCLE)

RETURY 1o THE LOWER ENVERGy STATIE THEY EMmIT A PHOTOW THAT (5 THE
MMR S1¢ Al

THE o~vE CRuCIAL IOEA': FREQOE)VC O ETHE NMQS/‘-IVAL DEP&KI(JS ow THE
MAGNETIC FIELO STREVETH (B,)
THIStS EXPRESSED By THE LARMOR EQJATION W = }"30

FREQuewey (w) = MAGLETOGYRICRATIO K FIELO STRENGTH Cy x Bo)
THE mAéuero&/R:c RATIO ISUWIQUE FOR EALKH 1SOTOPE

THIS MEA~vS THAT At PRoTonS HMHAVE THE 'sAame” FRE,QUENC/V tv A GIWEPL

FIELO STREWETH (AQs i1 MRT, MA-MerlgRESo:vANCE/M&Hm&)

FORvaAru// EACH PROTOV /v A MOLECOLE FiIM0S ITSELF 1WA SL/;;n(y

DIFFERENVT MRCVETIC E UUIR.OUmEmT, OVE TO ANV EFFEcT CALLED
SHIELOIVG .

ELECTRONS N Bovps PROOVCE MAGVETIC FIELDS THRAT EITHER OPPOSC Bo
(Slneco) OR REIn~V Force B3, (Desmezo)

S0 THE EFFECTH(E MAGNETIC FIELD STREWMSTH 1S SLIEH rc)/ 01FFERENVT

FOR DIFFERENT TYPES OF PROTOVS (o:w.y A FEw PARTS PER Millig~ pﬂm)
THIS 1S CALLED CHEMCAL SHIFT

FROM EACH PRoTON SPECTRUM We Wit GET Y PIECES 8F (N FoRMATIO v ; :
1) How mmv)/ S1ewars = How mAny OIF FEREVT TYPES OF PROT oS
2) How STRoOWGARE THE S16vALs CIVTEERATION)
TEWUS How Mﬂﬂ’}/ PROTOYS 0 F EACH r),pé
P eHemicaL SHIFT ¢ F EACH S16MAL
TEwS wmcH-r/yPes OF FUVCTIONAC ¢ Rovr 1§ PRESEVT
4) SPLITTING PATTERW

TELLS HOow mﬂnr)//ve/w}(s ORI e PRoTovg ARE PRESEAT



HEMICAL SHIFT

- EXAPRESSED I~ PPM
- REFEREWCED TO TETRAMETHYC steane (Tms)=O  CH ;- g,-CH
cA‘

C’43

- DUVE TO SH)ELDINVG
ELECTROVS v T oouOS\‘JH/ELo" THE WUC(EVS FRom B, PRoOvCE A
(OWER EFFECTIVE FIELO AvD 6w ER FREQoEm/ (OWER c;+5mu4c SHIFT
) F GLECTROWS siieLD, ELECT ROW WiITHD RRWIVE GROVPS “DESHIELD
proovciv e HIGHER FRE GQUENCIES HIGHER CH EMICAL SHIFTS.

[ TABLE I3 I Variation of Chemical Shift with Electronegativity ’ﬁ
Xin CH;—X
F OH Cl Br !
electroncgativity of X 4.0 34 32 3.0 21
chemical shift of CH,—X 8.3 8.4 5.0 2.1 622

THE EFFECT DIMINIsSHES wiTH DISTAVCE

butane {-bromobutane
H H H H H H H H
L s 1y e e
H—C—C—C—C—H H—C—C—C—C—Br
[ I [
H H H H H H H H
chemical shift: 0.9 1.3 -t3 09 N 09 13 17 34

dcshielding'resulting from Br,ppm: 0.0 0.0 04 25

rHE FEFFECTIS ADDITIVE (M’Pkammm“ecy)

CH‘! C‘ls-cl CRlCI{ CI-ICI3

0.1 3.0 5.3 7.3
+2.¢ f 2.3 +2

11y Anvg AROMATIC ProTors ARE ESPFcnqu/ OESHiECOE0 BY 4 MAGwveTc

‘IELO PROOUCED /3)/ |( ECECTROM&
u|w71¢, -~y §-¢C PfmMm
Aromaric ¢-% PFfMm
ALOEHyoE PROTOWY LNPERIENCE SIMILAR TT -
EEFEcT 0F L0 = 4]0 ppm
CARBOXyLIL ACI0 PROTONS —1 /O 4+ pPPm
YFENUMBER 0F vmR Si16ewALS
PROTONS [V |OEWTICAL CHEMIcAL ENVIROW MENTS WiTH THE SAME

SHIELOI VG ARE CALLED CHEMICALLY EQUIVALENVT
Ov-) L SIGVAC LS SEEY F‘o« ‘EQuUIVALEWNT ‘PRoTowns

DESHIEL DIV G PLUS IO vCTIvE

CHay— Chyci, = 3 L rype oF FROTOY
CH,y ~C
1 TyPE OF 2 Tyoes oF 3 U $r6mnt
PRoTO W/ PRoTOUS

I s16vAL 2 StewAlS



THE STRCNETH JF THE VMR S/ 6VAL

THE AREAUNVNOER A PEAK 15 PROPORTIONAL TO THE Num 3ER OF
PROTOWNVS

I MTELRATED AREAS Will BE PROVIODEOD FOR RALL WMR PEAKS 1w Tiis COORSE
SOMETIMES THE ARERS witt BE ABSOLVTE (As In u‘eqiwu.s. b p,go-m,%y
Some Times REcATive (Asiv 311 RATIO 7 ARERS)

THE SPiw -spix SOLITTrIwe PATTERN

OVE TO AN EFFET ¢ALLED CoupLimg”
LEAD IV e TO THE M+ RuLE

TFR S1¢NvARL IS SPUIT 13)/ N EQUIVALEVT PRoTONS, [T GIVES NV +1 PEARS

S0, | NEIGH BoRivE PROTON

H
S M D00 BLET , AREA 3

2 NMEIGHBORINL PROTONS CHy- C /\A/I )
AR S TRIPLET | AREA 3

CH.,- CHy — /M QUARTET AREA

T

3 MEICH Borns PROTONS

Some VERY common PATTERNS

CHCH, - A/H"« I\AA

E‘m.yo A 3
H
CH,- €— ' M
3 i -
cH, Ly
lSoPRoPyc ! 6 o o
C“l s
SIVNGLETS MEANV MO NME[61BORS ¢u3- c — - O-CH3 . c','—cl-ll-'c -
A}
¢
"3

THE RANVEE OF CovP L w6
-USUALL)/ RESTRICTED TO 3 Bowmo)s

"4 AvO § BOvO CooRLING Muy BE SEEW, ESPEumwy IV T[ SYSTEMS



COUPLING

A SINGLE RESONANCE LINE 1S DECOMPOSED INTO THWO LINES BY COUPLING

z

_WITH A NEIGHBORING NUCLEUS

THIS IS BECAUSE THE RESONANCE LINE EXPERIENCES TWO DIFFERENT FIELD

STRENGTHS, ONE HIGHER THAN B0 AND ONE LOWER, DUE TO THE TWO POPULATIONS

OF THE NEIGHBORING NUCLEUS -- ALIGNED EITHER WI-TH OR AGAINST B

Nucleus in BO Field

0

Nucleus in B B

. M

+ B
0 H

POINTS TO REMEMBER

THE STRENGTH OF THE INTERACTION BETWEEN COUPLED NUCLEI IS EXPRESSED
IN Hz AND IS NAMED J

THE EFFECT IS TRANSMITTED THROUGH CHEMICAL BONDS AND DECREASES AS
THE NUMBER OF BONDS BETWEEN ATOMS INCREASES

THE COUPLING CONSTANT IS INDEPENDENT OF EXTERNAL FIELD STRENGTH



CARBOW -1 SPECTRA '
WE witt TREAT THEM ALmMosT THE SRME AS H SPECTRA

Excecer
“THE CHEMItAC SHIFT IS tARKER MORE THAN .wo,.,,m
“THE S$PECTRA ARE NOT USUALLY [WTISERATE )
- FOR VOW , W E WILL WoT Lok AT CouPlive PATIERN S

THis LE Aves vs wiTH:
1) THE NUMBER o F §1enALs
-REFLECTS THEMUMBER OF DIF FERENT TyPES 0F CARIBOWS

"1) TRE CHEMICAL SHIFTS

-~ UVSI1vE THE vSVAL ELEOTRomE-éATw:T/
ANVD TT SHIELOIVE RER SONING

Simitar o 14

CHy CHy €l CH ¢l Chcly Cely
-3 0 25 Y 72 ¢7
+27 120 SRR T2

HOw EVER, THIS TRENO poES VoT HoLpy FoR BROMIOES ANO FODIOE s
ALREnES AMO AROMATICS STRONGLY DE SH)ELOED

Alkenvgs [(00-756
ARomATICS [20 -/ 98 RENVIENE = 12E

ALKAVES ~ SHIELDED = <~ L0
C-0 = §0-4Lyo
¢so ( 60-1 49
f
R-¢-n 7180
C~- X , HALbeEWS X 20-Y0

e- N KX 30-50



PrroPLeéa

SErLL
PRED/CT IR BAwDS 13,15 24,20,
TEpMINVE FONCTIVA ROVPS
PETER ¢ GRO 1, /(/ 7 I

“RE Qut’mcy, MASS  Bowy STREVHTA

PRED/CT VMmN SPECTRA /S 14 30
/ /
SHIFTS, INTECRAL  Couvpuve

DETERMINE STROCTVURES [ § 19,20
EROM GPECTRA ’
USE ComB/NED IR MNMR Al,ll
PREDICT THE MASH
GPECTRUM o0F A Comrovs ]!f/ /1
LyPlhiv ERAGMENTATION 20,4/
PATTER™ $
IDENTIEY 3. +CI

23/11

150 70 PIC § ) (WATVRES

CONJULATIOMN AV
N N OV SPEcTrA 6/ ’ (chorzs'}



