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ion is the oxidizing agent.11 Possibly the oxidation 

R -6: R 
R:B + •• >• R : B : 6 : 

R -O: R 6 : 

R R 
R:B : 6: > R : B ; 6 : 6 : R 

R ^ O : 

The infrared spectra of solids can be conven
iently obtained from K B r pellets in which finely 
ground samples have been dispersed.2 Koegel, 
el a/.,3 using this technique, obtained the spectra of 
a large number of optically active amino acids. 
This paper presents some further work on optically 
inactive amino acids. 

The object of this s tudy was (1) to correlate the 
spectra of optically inactive amino acids including 
the N-methyl subst i tuted glycines, (2) to see the 
effect on the spectra of amino acids when the posi
tion of the amino group is varied along the chain, 
and finally (3) to evaluate the s tructure of betaine 
hydra te . 

Experimental 
The spectra were obtained from a Perkin-Elmer Model 

112, single beam, double pass infrared spectrometer equipped 
with a sodium chloride prism. Pellets were prepared by 
first mixing the amino acid with KBr ( J . T . Bakers Ana
lytical Grade) in a Wig-L-Bug Amalgamator for 30 seconds. 
The resulting mixtures were used to make clear pellets 10 
mm. in diameter and approximately 0.5 mm. thick. The 
procedure for pressing the pellets was essentially the same 
as described by Kirkland.4 In this technique it was found 
that there was a finite concentration of an amino acid below 
which a clear pellet could be obtained. However above this 
concentration the pressed pellet became cloudy, as though 
excess amino acid had crystallized out. This may mean that 
the amino acid forms a solid solution in KBr. 

The following substances were obtained from Nutritional 
Biochemical Co.: glycine, DL-a-amino-re-butyric acid, /S-
alanine, DL-norvaline, DL-norleucine, DL-valine, DL-iso-
leucine, DL-/3-aminobutyric acid, 7-aminobutyric acid, sar-
cosine hydrochloride, N,N-dimethylglycine hydrochloride 
and betaine hydrochloride. The substances DL-alanine, 
a-amino-isobutyric acid and betaine hydrate were obtained 
from Eastman Kodak Company. 
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(4) J. J. Kirkland, Anal. Chem., 27, 1537 (1955). 

of organoboranes can be considered to proceed as 
indicated.21 
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The amino acids are divided into two groups: 
I—the straight and branched-chained amino acids 
and compounds in which the amino group is varied 
along the chain and II—glycine and N-methyl 
subst i tuted glycines. 

The Region 3500-2000 Cm.-1 .—Amino acids 
exhibit a great deal of hydrogen bonding as evi
denced by the presence of many broad bands in 
their spectra, especially in the region 3000-2000 
cm.""1. This makes it difficult to differentiate be
tween the C - H and N - H bands. Nevertheless 
there are a few generalizations which can be made 
in this region. a-Amino-w-butyric acid and a-
alanine of group I both have broad bands a t 2300 
and 2262 cm. - 1 , respectively, which do not appear 
in the /3- and 7-acids. The same is t rue for the 
medium bands 3050 and 3042 cm." 1 for the above 
two acids, respectively. 

There is a characteristic band a t 2130 cm.""1 

which has been tentat ively assigned to the N - H 
stretching in the group NH 3

+ . 3 ' 5 Table I also con
firms t h a t this band is related to the N H 3

+ group; 
however, a closer inspection of the da ta indicates 
t ha t it may be related to an N - H bending mode 
ra ther than an N - H stretching mode. Evidence 
for this is t ha t in the /3-amino acids the absorption 
peaks are shifted to higher frequencies while the 
a-amino acids absorb a t the normal frequency. 
This shift may be interpreted on the basis of hydro
gen bonding which leads to ring formation. The 
a-, /3- and 7-amino acids could form, respectively, 
5-, 6- and 7-membered hydrogen bonded rings. 
The /3-compound would be more stable since it 
could conceivably form a six-membered ring and as 
a result the N - H bending mode would have a 
higher absorption frequency in comparison to the 
other two types. If this were an N - H stretching 
mode the reverse would be t rue and the /3-amino 
acid would absorb a t a lower frequency in compari-

(5) L. A. Duncanson, J. Chem. Soc, 1753 (1953). 
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The infrared spectra of some optically inactive amino acids including a- and /3-alanine, a-, /3- and 7-aminobutyric acids, 
and N-methylated glycines were obtained using the KBr technique in the region 5000-667 cm."1 . The functional group 
frequencies have been correlated with the molecular structure of these compounds. The spectrum of betaine hydrate indi
cates that it is a dipolar ion in the form of a water complex. 
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TABLE I 

ABSORPTION SPECTRA OF SOME AMINO ACIDS I N WAVE NUMBERS 

Very strong intensity (VS) 0%T; strong intensity (S) 0-10; medium strong intensity (MS) 10-20; medium intensity (M) 20-80; weak intensity (W) 80-96; very weak intens
ity (VW) 96-100; shoulder (sh); sharp (sp); broad (B). 

Compound 
Group 1 

DL-Alanine 
0-Alanine 
DL-a Amino-w-butyric acid 
a-Amino-isobutyric acid 
DL-/3-Ammo-butyric acid 
7-Aminobutyric acid 
DL-Norvaline 
DL-Valine 
DL-Norleucine 
DL-Isoleucine 

Group II 
Glycine 
Sarcosine hydrochloride 

N,N-Dimethylglycine 
hydrochloride 

Betaine hydrochloride 

Betaine hydrate 

Concn., 
mg./g. 
KBr 

4.5 
7.6 
6.2 
7.7 
6.2 
7.2 
4.7 
7.6 
3.9 
5.2 

3042M 

3050M 
3012SB 

Compound 
Group I 

DL-Alanine 
0- Alanine 

DL-a-Amino-M-butyric acid 

a Aminoisobutyric acid 

DL-0-Aminobutyric acid 

7-Aminobutyric acid 

DL-Norvaline 

DL-Valine 
DL-Norleucine 
DL-Isoleucine 

Group I l 
Glycine 
Sarcosine hydrochloride 
N, N- Dimethylglycine 

hydrochloride 
Betaine hydrochloride 

Betaine hydrate 

7.5 3158M 
12.5 

7.0 

7.7 

7.4 3376M 

Concn., 
mg./g. 

KBr 
4.5 1625S(sh) 

7.6 1633MB 

6.2 

7.7 1639S 

6.2 1644S 

7.2 1639M 

4.7 1653S(sh) 

7.6 
3.9 1609S(sh) 
5.2 

7.5 
12.5 
7.0 

7.7 1639M 

7.4 

3098MB 

1590VS 
1575MB 

1600VSB 

1575S 

1585-
1540VSB 

1595MS 

1584VSB 

1598SB 
1581BS(sp) 
1595SB 

1616SB 
1616WB 

2955M(sh) 

2908SB 
2936MB 
2917SB 
2955MB 

2955SB 

2890MB 

2936M 
2993M(sh) 
2976M(sh) 

1559MS 

2839MB 
2860MB 
2860M 
2839MSB 
2882MB 
2860MB 

2860MB 

1522M 
1507MB 

1525MS 

1544 VS 

1514S 

1531MS 

1510S 

1502S 
1517M 
1499VSB 

1506SB 

2716M 

2740M 

2796MB 

2796M 
2748M 
2796M 
2716M(sh) 
2812M 

1476M 

1475M 

1473M(sh) 

2677M 

2686M(sh) 
2686(sh) 
2686MB 
2664 (sh) 
2686M 

2657M(sh) 

2584M 
2613M(sh) 
2620M 
2599M(sp) 
2599M 

3472 (sh) 

2562(sh) 
2555M 

2599M 

2500M(sh) 

2543(sh) 
2459M(sh) 
2495M(sh) 
2537MB 

2543MB 

2506M(sh) 

2513M 

2351M(sh) 

2628M(sh) 2507M 

2628M 2543M(sh) 
2483M 

1454M(sp) 1426M(sp) 
1451M 1414M(sh) 1389M 

1405M 
1458M 1418MS(sp) 1379M(sh) 
1446M 
1443M 1412S(sp) 

1441S(sp) 1409VW 

1456M(sp) 1426M 

1457M 1421S(sp) 

1377M 

1390MS 

1379M(sh) 

1393M 

2262WB 

2300WB 
2186MB 

2177M 

1456M 
1417M 
1418VS(sp) 
1416S(sp) 1379M 

2362M 

2414M(sh) 
2351M(sh) 
2425M(sh) 

1355S(sp) 

1354S(sp) 

1369S(sp) 

1354M 

1352S(sp) 

1358M(sp) 

1356MS(sp) 
1363M 

1306S(sp) 
1331M 

1314VSB 1265M 

1291M(sp) 
1272S(sp) 

1331M 1287M(sp) 
1308M 1267M(sp) 
1325VS(sp) 1292M 

1287M 
1333MS 1270M (sp) 
1327MS 

1477M 

1414SB 
1451MS(sp) 1412MS 
1451M 1414MB 

1478M(sp) 1460M 
1433M 
1405M 
1430M 

1489M(sh) 1450M(sh) 1416M(sh) 
1478MS 1440M 

1398MS 
1384M(sh) 
1375M 

1395SB 

1339S(sp) 
1328M(sp) 
1310M(sp) 

1331SB 
1308VW 

1338W(sh) 
1327M 
1333SB 

1286M 

1289W 

2114M 

2132M 
2090MB 

2146MB 
2090MB 
2139MB 
2104WB 
2129MB 

1238M 
1262MB 

1232MS 
1254M 

1237M 

1755S(sp) 

1734S(sp) 

1739S(sp) 

1246M 

1240M(sp) 
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son to the a- and 7-amino acids. This same type 
of reasoning has been used to explain the abnormal 
acidity of w-butyric acid in the series formic, ace
tic, propionic and butyric acid.6 

It should be noted that amino acids form inter-
molecular hydrogen bonds in the crystalline state 
whereas there is no direct experimental proof of 
intramolecular hydrogen bonding.7 However the 
above data cannot be explained on the basis of 
intermolecular hydrogen bonding. There are three 
reasons for conceivably anticipating the presence 
of intramolecular hydrogen bonds together with 
the intermolecular type: (1) the concentrate of 
amino acid used was dilute—0.05 m (2) the amino 
acid was ground thoroughly in a grinder with KBr 
and therefore there is a tendency to break up some 
of the intermolecular hydrogen bonds and allow for 
the formation of intramolecular bonds and finally 
(3) the pellet technique may involve the formation 
of solid solutions as mentioned in the Experimen
tal section. 

The Region 2000-1300 Cm.-1.—In this region 
there is a great deal of similarity in the spectra of 
the amino acids and as a result a large number of 
correlations have been made.3 '8-14 There is an 
absorption band at 1640-1610 cm. - 1 which has 
been assigned to the NH 3

+ deformation.14 Bel
lamy8 states that there is a great deal of confusion 
with respect to the assignment of this band. In
spection of Table I shows that DL-valine, DL-isoleu-
cine and DL-a-amino-w-butyric acid do not absorb 
in this region. Furthermore betaine hydrochlo
ride shows an absorption peak at 1639 cm. ^1; how
ever, this compound is N-trimethylated. More-

(O) J. F. Dippy, J. Chem. Revs., 25, 189 (1939). 
(7) J. M. Robertson, "Organic Crystals and Molecules," Cornell 

University Press, Ithaca, N. Y., 1953, p. 242. 
(8) T. J. Bellamy, "The Infrared Spectra of Complex Molecules," 

Chapter 13, John Wiley and Sons, Inc., New York, N. Y., 1954. 
(9) N. Fuson, M, Josien and R. L. Powell, THIS JOURNAL, 74, 

(1952). 
(10) H. W. Thompson, D. L. Nicholson and L. N\ Short, Disc. Fara

day Soc, 9, 222 (1950). 
(11) I. M. Klotz and D. M. Gruen, J. Phys. Colloid Chem., 52, 901 

(1948). 
(12) H. Lenormant, J. Mm. phys., 43, 327 (1946). 
(13) H. Lenormant, Compt. rend. acad. sci. Paris, 222, 1432 (1946). 
(14) H. M. Randall, R. G. Fowler, N. Fuson and J. R. Dangl, 

"Infrared Determinations of Organic Structures," D. Van Nostrand 
Co., Inc., New York, N. Y., 1949, p. 16. 
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over, it does not contain the ionic carboxyl absorp
tion peak to complicate the spectrum. These facts 
all indicate that the above assignment is doubtful. 

The absorption band from 1550-1485 cm. - 1 has 
been assigned to the NH 3

+ acids and the hydro
chlorides. 9-u-14 From Table I it is seen that all 
the compounds in group I together with glycine 
show this peak. The other four compounds in 
group II do not exhibit absorption here. This is 
to be expected since they all have methylated 
amino groups. Furthermore, all the bands are not 
broad except for glycine, /3-alanine and DL-isoleu-
cine indicating that the effect of hydrogen bond
ing on this deformation frequency is small. The 
maximum spread between peaks is 32 cm. - 1 (from 
DL-isoleucine to •y-aminobutyric acid, exclusive of 
a-amino-isobutyric acid) so that the effect of the 
ionic carboxyl group, as explained for the NHs+ 

deformation at 2130 cm. - 1 , cannot be detected. 
This is due to the experimental error in measuring 
the peak frequencies. 

All the compounds of group I have a strong band 
near 1600 cm. - 1 indicating the existence of the 
asymmetric ionic carboxyl mode of vibration. The 
hydrochlorides in group II, on the other hand, do 
not have this group. Sarcosine hydrochloride 
shows a weak band at 1616 cm. - 1 which could be 
inherent in the hydrochloride, but it might be due 
to the presence of a small amount of sarcosine which 
shows strong absorption at 1616 cm. -1.14 

The second absorption at 1410 cm. - 1 arising from 
the symmetric mode of vibration of the ionic car
boxyl group is less easy to identify in the infrared 
spectrum although it appears clearly in many 
Raman spectra of a-amino acids.8'15 AU the com
pounds in Table I show absorption here. This re
sult can be interpreted in two different ways. The 
presence of the 1410 cm. - 1 band in the hydrochlo
rides may be inherent in hydrochlorides of amino 
acids with strongly basic methylamino groups. 
The absorption band for all the other compounds 
would then be due to the ionic carboxyl group. 
However if the 1410 cm. - 1 band is not inherent in 
the hydrochlorides then the above assignment is 
not valid, for the hydrochlorides do not contain 
ionic carboxyl groups. 

All hydrochlorides of group II show strong ab
sorption from 1754-1724 cm. - 1 and do not show 
absorption at 1610 cm. - 1 . Hence this mode is as
signed to the normal carboxyl group. Sarcosine 
hydrochloride, however, exhibits weak absorption 
at 1616 cm. - 1 and, as stated previously, could be 
due to a small amount of sarcosine present or, more 

(15) J. T. Edsall, J. W. Otvos and A. Rich, THIS JOURNAL, 72, 474 
(1950). 

likely, it could be a band inherent in sarcosine 
hydrochloride. 

AU the compounds in Table I except glycine and 
isoleucine show absorption from 1438 to 1460 cm. - 1 

which is due either to the asymmetric C-H defor
mation of the C-CH3 group (1450 ± 20 cm. - 1)8 

or to the -CH2 deformation (1465 ± 20 cm. -1).8 

The absence of this band in glycine and isoleucine 
probably is due to the fact that there are strong 
broad absorption bands located at 1414 and 1499 
cm. -1 , respectively, and consequently have washed 
out the weaker band. 

The Structure of Betaine Hydrate.—Table I 
shows that betaine hydrate has an absorption band 
at 3376 cm. - 1 which is due to the bonded OH in 
water. There is also a strong absorption peak at 
1633 cm. - 1 which is due to an ionic carboxyl group. 
The possible structures for the hydrate are illus
trated below. There is some confusion as to what 
the structure is. For example Harrow and Mazur16 

indicate that it is either structure I or III . Fruton 
and Simmons,17 on the other hand, indicate that 
the structure is II. Structure I can be eliminated 
since it should have a normal acid carboxyl fre
quency near 1725 cm. - 1 and no ionic carboxyl 
mode. Structure III would be analogous to a lac-

O 

C H 2 - C - O H 

HO—N(CH3)3 

I 

O 
Il 

C H 2 - C - O " 
I 

.+N(CH,)» 

II 

-H2O 

O 

CH2-

I I 
(CHs)3N-O—> _ 

-H2O 

I I I 

tone and would have a carbonyl frequency near 
1800 cm. - 1 . Hence this structure can be elimi
nated. Structure II is the only structure which is 
consistent with the spectrum. It has an ionic car
boxyl group which would give rise to the COO -

mode near 1600 cm. - 1 . The bonded OH frequency 
would be due to the associated water. The spec
trum does not give any information as to where the 
water is located. As a result the compound is 
probably a water complex, the nature of which is 
not entirely known. 
COLLEGE PARK, M D . 

(16) B. Harrow and A. Mazur, "Textbook of Biochemistry," W. B. 
Saunders Co., Philadelphia, Pa., 1954, p. 54. 

(17) J. A. Fruton and S. Simmons, "General Biochemistry," John 
Wiley and Sons, Inc., New York, N. Y., 1953, p. 55. 


