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CHART AND SPECTRAL PRESENTATIONS OF ORGANIC SOLVENTS, MULLING OILS,
AND OTHER COMMON LABORATORY SUBSTANCES

APPENDIXA  TRANSPARENT REGIONS OF SOLVENTS AND MULLING OILS

Wavelength (cm™!)

3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
Solvents® 34|00 30|oo 26|OO 22|00
Carbon disulfide ~  f--=-=-q-==—=F————+ ——— = — = = — e — o — — — — — ——-
Methylene dichloride F————- — —— e — — — —————le = — - —-———-
Chloroform  F—-———+ ——m— =T — — | —— — = = — —ep—
Carbon tetrachloride F----—----—-F-———-9-—=——|-————7-———- ——— e
Tetrachloroethylene r----—4-----rF-—--9--—-=----———7-—-—-——-————— =

Methylene dibromide |———-—- - p— ! N I — . _

Bromoform  F-———+ — — ——— e —— e —— o — = — [ — —
Mulling Oils®

Nujol® === e it et bk it e E—— r————

Hexachlorobutadiene f----------pF----q4---—-—-———1-—-—- ———— = — - ———

Fluorolube® === =====——fF—=—=—q-———~[~~———T7-———~-———- - -

*The open regions are those in which the solvent transmits more than 25% of the incident light at I mm thickness.
®The open regions for mulling oils indicate transparency of thin films.
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APPENDIX B CHARACTERISTIC GROUP ABSORPTIONS?
cm-1 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
T T T T
3400 3000 2600 2200
ALKANES e L e T BEEEE T - L -
ALKENES
VINYL ~ o JELLUUSS IS PN S ISt 1 S | S - S NN
TRANS o S L e e A S —
ciS Va2 pupu—— S| LR AN PR RS IS 1] N A DR R S-S
VINYLIDENE /& feeee] S LL N S S NN LR AP S R S S SN DR
TRISUBSTITUTED /4 f————o S L ) E—— A L S L R
TETRASUBSTITUTED /47 f—————————p——— -} ———- R e s SO SR R
CONJUGATED =7 f-———f L ) A
CUMULATED SC=C=CH,  f----7 1L N A P — -ﬁ--jl ----------------------------
cyclic b 1 L X ) ) S ) A —
ALKYNES
S W W S
MONOSUBSTITUTED ~  [~=—— i Bk ——tTpTTTT - S Attt el o —
DISUBSTITUTED ~ [===—===——F==——1 R B B e R HRtt el
MONONUCLEAR AROMATICS w w m o
BENZENE e - -— R IR R oo
MONOSUBSTITUTED [ ~=—— e i e R R e o e R R Rt
1,2-DISUBSTITUTED ~ f===—1 o ] Bl It I Bt b e — LTI
1,3-DISUBSTITUTED ===~ et e EEEE e e b EET L EEEES ———
14-DISUBSTITUTED ===~ e s B e I e e B Rl BEEEE
1,2,4-TRISUBSTITUTED ===~ e i e R i B b B S At e Rl
1,2,3-TRISUBSTITUTED ~ f-———- R e EEE R T B e e e R
1,3,5-TRISUBSTITUTED ~ f————- e e e = -
ALCOHOLS AND PHENOLS |~ 37003450 sharp
FREE OH T v I A IR B
INTRAMOLECULAR BONDED (WEAK) ~ f£———5-=7 s A N A
INTRAMOLECULAR BONDED (STRONG) -~~~ e R e s el IEEEEE EEREE SRR R TR
INTERMOLECULAR BONDED L i e S R B e e
SATURATED TERT. } _____________________________________________ s ]
HIGHLY SYMMETRICAL SEC.
SATURATEDSEC.  \ | ] s
«-UNSATURATED OR CYCLIC TERT.
«-UNSATURATED SEC.
ALICYCLICSEC. 50R6- | | A o] s
MEMBERED RING)
SATURATED PRIMARY
«-UNSATURATED TERT.
«-UNSATURATED AND
«-BRANCHED SEC.
Di-e-UNSATURATED SEC. U ||| | | ___] -1 IS B
ALICYCLIC SEC. (7 OR 8-
MEMBERED RING)
«-BRANCHED AND/OR
«-UNSATURATED PRIM.
3400 3000 2600 2200
R T Y I S ! ! ! | ! | |
cm-! 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

* Absorptions are shown by heavy bars. s = strong, m = medium, w = weak, sh = sharp, br = broad. Two intensity designations over a single bar

indicate that two peaks may be present.
® May be absent.
¢ Frequently a doublet.
dRing bending bands.
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APPENDIX B (continued)

cm-t 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
T T T T
ACETALSa 3400 3000 2600 2200
S

“keTALS” | 1 1 1 s | [ ]
ETHERS

ALIPHATIC  pemmeede e ARt R S
AROMATIC (ARYL—0—CH,) [ ====-=== = ====q===-—f-===f-—= === f=—- Iy B Rt Ity
VINL - pmmmeemm e e = Rt iy ileiel | ity
OXIRANERING ~ f-———ofm————po— oo oo oo i Bt R Attty
PEROXIDES (ALKYL AND ARYL) [~========f====q== == === —f——=—=————f - — T
PEROXIDES (ACYL AND ARQYL) === == ====f====q== === === === === === ===~ e e R
CARBONYL COMPOUNDS

KETONESP s m

DIALKYL (—CH,COCH,—)  [~—==7-———=f-———4-—---F-=-- N I R i R
AROMATIC (CONJ) AR R ettt Sty Beteteied Rt R - — ol — o]
ENOL OF 1,3-DIKETONE ~ [-—-—- —mub'— —————————— s e RS SIS SR B
o-HYDROXY ARYL KETONE ~ }-——-— LU AR S . —— e A
ALDEHYDESP

m (doublet) S m

ALKYL —————— —— e———— o ———— | ——— — —_ —_———te— | ——— ]
AROMATIC (CONJ) ~ f-——-- e ——— e e B e e R
CARBOXYLIC ACIDS®

DIMERE == ——- ——_S_—- —————————— -—i——————ﬂ— m —_—— m —_ ]
CARBOXYLATE ION  fe—modem o fm e A ——
ESTERS

FORMATES s e e B R T e e e
ACETATES e e T B B ) e Tt BT SR
OTHER UNCONJ ESTERS ~ f========—f-—=—1-————--——- e LR e i EEEEES B
CONJUGATED ESTERS T T T
AROMATIC ESTERS S T LI ——

3400 3000 2600 2200
A I ) A | | | | | | J
em™l 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

2Three bands, sometimes a fourth for ketals, and a fifth band for acetals.
® Conjugated aliphatic examples show C=0 stretch at virtually the same position as aromatic structures.
¢ Conjugated examples show C=0 stretch at lower wavenumbers (1710 cm™" to 1680 cm™"). The O—H stretch (3300 cm™" to 2600 cm™!) is very broad.
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cm! 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

LACTONES 3400 3000 2600 2200
BETA —————————————————————— |— ——— 1 — — — — — —— —( — — — — —L— —_—————
GAMMA e mm T T T ==

S S
DELTA  [TTT T T r

ACID CHLORIDES
ALIPHATIC b s et ST S —
AROMATIC ~ f=———dmm o fm o e IR e B IRt HEl

ANHYDRIDES
NON-CYCLIC (UNCONJ)  f-—mmfmmm b AR N A — SR S N —
NON-CYCLIC (CONJ) ~ fommmdfommmpee e 22 L2
CYCLIC (UNCONJ) ~ p———— oo N o —— ER N —
CYCLIC (CONJ) ~ f=m—mdmm e oo e LT BE - DT T

AMIDES
PRIMARY

SOLUTION ] S mor
SOLID AL iy N
SECONDARY -

SOLUTION -

sop f----d B e B

TERTIARY ~ fe—medrmm e b -
LACTAMS
SOLUTION B ] ST B

sop  pe--- S B B e T I B e S A
5-MEMBERED RING ~ [---—- ?——— ————————————————— B ] s TR P

6 OR 7-MEMBERED RING f--————1-———F—-————4—-————|————f - —mm — — 4 - — - — - — 1 —— — —

AMINES
PRIMARY
ALIPHATIC =
AROMATIC =
SECONDARY
ALIPHATIC e e e B e il bbbl el —=
AROMATIC e e e Eot e el e [ ———— == —
TERTIARY m
ALIPHATIC === Tt .
AROMATIC [~~~ =~~~ [~~~ T[T T T
AMINE SALTS
PRIMARY
SECONDARY
TERTIARY
AMMONIUM ION

3400 3000 2600 2200
A ) A A A E— | | | | | | J

em1 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
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APPENDIX B (continued)

cm-1 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

NITRILES (RCN) 34loo 3o|00 26|00 22|oo

ALIPHATIC oL JLLLISU OSSP NP S D U SR

AROMATIC e SENULLLNS IS IS NS IR SN SN R
CARBODIIMIDES oL S N IR —_ ]
ISONITRILES (RCN) s

ALIPHATIC  fmmmmomm——— 1 B B ininiels el sl Sty il ettty

AROMATIC  fmmmmAmmmmpm o BN+ Attt Attty Iieitel Pl Sl el Bty
ISOCYANATES (RNCO) ~ f===—-=——=F---—1 ! Eantt SRR EEEEE mantt EEEEE SRS EESES
THIOCYANATES (RSCN) ~ f-———femmmof o e e e B e B st EEEEE
ISOTHIOCYANATES (RNCS) S m

ALKYL b e RSN

AROMATIC e e e P RLLLN S
NITRO COMPOUNDS s m

ALIPHATIC  pemmememmmmpmmm et e e et ST

S m

AROMATIC  fmmme e b B eeduint Il B Rl

CONJ.  pemmedemmmmpem e e p e e T EETEES

NITRAMINE |l I NSRS DU NN
NITROSOAMINES s

VAPOR  fmmmemmm e il Enlniein il Rl Bty

Y ‘PR (it NS S s N
NITRATES (RONO) ~ f=mmmdmmm o b —--- R RO S -
NITRITES (RONO) el IS R A SN SCE—
NITROSO COMPOUNDS (RNO)

ALIPHATIC DIMER (TRANS) ~ fom—m et RPN SR A S —

ALIPHATIC DIMER (CIS)  femmo oo L S S S P A—

AROMATIC DIMER (TRANS) s ]

AROMATIC DIMER (C/S)  femme e _ 2R R S B

ALIPHATIC MONOMER ~ fem—mdemo b U5 R A S—

AROMATIC MONOMER ~ fe—oo L Ll ] SIS SN PP ESN S
SULFUR COMPOUNDS .

MERCAPTANS, THIOPHENOLS ~ |-———d-——-— - A Y R

& THIO ACIDS

THIOCARBONYL GROUP oo f b b R T BE

C=S(NOTLINKEDTON) f=——==m———f—mm—d e - et RS

C=S(LINKEDTON) e L] VLU IS LN SRR
SULFOXIDES ~ fmmmedmmmm e e e e e T
SULFONES b b I - N N R —
SULFONYL CHLORIDES ~ f====demmm e ek ] - e s DR
PRIM. SULFONAMIDE (SOLID) N i IR R . A —
SEC. SULFONAMIDE (SOLID) ~ f--eemlooe b L IR X N R —
SULFONATES ~ hmmmeem b SR A E N E i ——

3400 3000 2600 2200
L r 1+ 1 1 1| 1 | | | | | | J
cm~l 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
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cm-! 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
HALOGEN COMPOUNDS w00 | s000 | 2600 | 2200
e s e e B e e R R =
—CHBr  hmmmme e b Bl il pl A
o s i e S e ittt SEEE i et B —
—CFp—  feemmedemmm e L I N IR S
—CFy b | ] | ]
—Cc=cf, A4 R I I s ]
—CF=CF,  feemmommm e IS -2 S P N
Aryl Fluorides e —m— e m e e e e = — IR (SN A S ——
Aryl Chlorides ~ femeedemeb b SPT ENE R —
SILICON COMPOUNDS
SIH ————————————————— ——— e e e e e e e —S_- ——————
SiH,  femmede—m b e e T S e BT F——t ==
SiHy  femeeemm——bem i mE e e Ittt R e
SicH; e R R i — - ———
SiCH, e 1 K )
SiCgHs ~ femmemmmm b m e - - ] .
SiO Aliphatic  femm e L e
SiOCH; b ISP L1 PSS A
SIOCH,.CHy b IR 11 R A A
Si0CgHs ~ pemmemmde e o - ———1 =
310 1T B s e e e T m—— e
sio e LN N ——
siF b ] SRS T S D ——
SiF, e IR 1L R
SiFs e SN 1L
PHOSPHORUS COMPOUNDS
m
T S AR ittt el Rt it Ml Sniiuintel Ruitnd Bl
PH, T — T ———
m S
PCH, [Tt r————1-——- =T
L e e e e s LR Ee e TR EEEES
m m W
PCHs [t e T
(Aliphatic)sp=0 ~ f--——A--—--}t----q-——-p - —f—— - - R R R
(Aromatic)sp=0O === e St itk Rty
I T R s e e B e e T i
P—O—CH;  fmmmmmmmmmpmmm e m oot o —— e — — = — ]
P—O0—CH,CH;  femmedmm b 4 A a2
P—OCgHs b T A A
T e S — N ]
PO-—H SRS S (N AR N NN R SN S I
0 S S br S

P—OH (SINGLE OH)J

s = strong m = medium w = weak v = variable

3400 3000 2600 2200
| [ 1 | [ | | | | | | J
em-1 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
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APPENDIX C

ABSORPTIONS FOR ALKENES

TABLE C-1 Alkene Absorption®

H H
AN /
C=C
/ AN
R H
Vinyl
1648 cm™! to 1638 cm™

995 cm™' to 985 cm™! (s)”
915 cm™'to 905 cm™ (s)

R H
AN /
C=C
/ AN
R H
Vinylidene

1658 cm™' to 1648 cm™ (m)
895 cm!to 885 cm! (s)

N /
Cc=C
/ AN
R R
cis
1662 cm™! to 1626 cm™ (v)
730 cm™! to 665 cm™! (s)

R R
\C —C /
/ AN

H R

Trisubstituted

1675 cm™' to 1665 cm™ (w)
840 cm™'to 790 cm™! (m)

trans
1678 cm™! to 1668 cm™! (v)
980 cm™! to 960 cm™! (s)°

R R
AN /
C=C
/ AN
R R
Tetrasubstituted

1675 cm™ to 1665 cm™! very weak
or absent

*s = strong, m = medium, w = weak, v = variable.
® This band also shows a strong overtone band.
¢ This band occurs near 1000 cm™! in conjugated trans—trans systems such as the esters of sorbic acid.

TABLE C-2 C=C Stretching Frequencies in Cyclic and Acyclic Systems (cm™')

H N /H H CH, CH3\ /CH3
CcC=C C=C C=C C=CH,
/ AN N 7 AN
Ring® or Chain C C C C C C
Chain cis 1661 1681 1672 1661
Chain trans 1676
Three-membered ring 1641 1890 1780
Four-membered ring 1566 1685 1678
Five-membered ring 1611 1658 1686 1657
Six-membered ring 1649 1678 1685 1651
Seven-membered ring 1651 1673
Eight-membered ring 1653

2All rings have cis double bonds.
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APPENDIX E
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TABLE D-1 P=0 and P—O Stretching Vibrations

Group Wavenumber (cm~!)? Vp_o Bands* (em™)
P==0 stretch
Phosphine oxides
Aliphatic ~1150
Aromatic ~1190
Phosphate esters® 1299 to 1250
P—OH 1040 t0 910 (s)
P—O—P 1000 to 870 (s) ~700 (w)
P—O—C (aliph) 1050 to 970 (s)© 830 to 740 (s)¢
P—O—C (arom) 1260 to 1160 (s) 994 to 855 (s)

s = strong; w = weak.

The increase in P==0 stretching frequency of the ester, relative to the oxides, results from the
electronegativity of the attached alkoxy groups.

“May be a doublet.

dMay be absent.

APPENDIX E ABSORPTIONS FOR HETEROAROMATICS

TABLE E-1 y-CH and Ring Bending (f-Ring) Bands of Pyridines®

Number
Substitution Adjacent H Atoms y-CH (cm™) B-Ring
2- 4 781 to 740 752 to 746
3- 3 810 to 789 715 to 712
4- 2 820 to 794 775 to 709

“The y and f notations are explained in the text and in the book by Katritzky (1963).

TABLE E-2 Characteristic y-CH or f-Ring Bands of Furans, Thiophenes, and Pyrroles

y-CH or f-Ring Modes*

Position of

-1 -1 -1

Ring Substitution Phase cm cm cm cm
Furan 2- CHCl4 ~925 ~884 835 to 780
2- Liquid 960 to 915 890 to 875 780 to 725
2- Solid 955 to 906 887 to 860 821to 793 750 to 723
3- Liquid 885 to 870 741
Thiophene 2- CHCl4 ~925 ~853 843 to 803
3- Liquid 755
Pyrrole 2-Acyl Solid 774 to 740 ~755

“The y and f notations are explained in the text and in the book by Katritzky (1963).



