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iii.

ABSTRACT

Tha infrared spectra of twenty amine hydrochlorides were obtained
with the Ferkin-Gimsr Model 21 recording spesctrophotometer. The positions
of the sbsorption bands were compared with literature values for pertinent
structural group frequencies. A4 system of coding the spactral data was
devised so that an I 1620 digital computer could make the compsrisons
for a largs mumber of group frequencles, Good agreerent was observed.

betwesn the pesitions of the absorption bands in the experimental spectra
and those of pertinent group frequencies reported in the literatures,

0f the ten symmetrical diamines which were studied, six containad the
primary hydroxyl group. Two similar compounds without this group, 2,8
dimathyle3,T-diaza=5=ncnancl dihydrochlaride and 2,2,8,8-Tetramothyl=3,7=-
diaza~S-nonanol dihydrochloride, were synthesized. These to were not
found in the literaturs,

vYhen the campounds were purified by recrystallization, many of them
were highly hygroscople and required special tachniques to remove moisture
bafore taking the spectra.
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) INTRODUCTION

The coordinating properties of a apecial series of polyhydroxyamines,
viz., those possessing the syxmetrical structure:
93
c
x 7 BN a,
R -Hd H-HR
| 1, 3-Bis( poly( kydroxymethyl)methylanino)-2-rropancl
in which "R" represents one of aix groups (Table I), have been studied pre-
viously by workers in this laboratory (Davis ( g), Erdmanis (yq), Gladding
(12), Jackson (315), Moore (21), and O'Rear (23)) and elsewhere by means of
stability constant data for the chslates of these compounds with various
wansitiomm cations in aqueocus media, W¥hile the principal attachment
of these organic bases (called "ligands") to the metal ions appears to oo-
cur at the sites of the two amino nitrogens, forming a six-membered chelate

rings

on
0
/
X H\‘f‘z
R-NH . H «R
/

M
there is the possibility of the formation of additional chelate linksages
to the cation by the hydroxyl groups of the ligand, especially under con-
ditiona of high pfl, where the alcoholic protons may be removed, While evi-
dence has not been found which establishes unequivocally the specific role
of the hydroxyl groups in the chelating properties of the ligands of this
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geries, the stability constant data for the chelates of these compounds,
with the copper (II) and nickel (IT) ions, suggests that either these
ligands are quadridentate-~in which case two of the hydroxyl groups of
the ligand would also participate in chelation--or the chelates which
are formed under these conditions are polynuclear in nature and their
apparently simple stolchiometry is deceptive.

It was thought that the infrared spectra of these chelates might yield
valuable information about the nature of the various types of chemical
bonds that are present, and clarify the role of the hydroxyl groups in the
coordinating properties of the ligands. To interpret the significance of
these spectra, reference spectra of the ligands were desired so that the
effects of chelation on the bonds could be determined by observing the
differences in the two sets of mpectra., However, a gearch of the spectral
literature revealed that no reference spectra on these ligandas were avail-
able, and it became necessary to make a preliminary study of the spectra
of these compounds before attempting to interpret those of the chelates.

This thesis is concerned with the preliminary study, i.e., the record-
ing and study of the infrared spectra of this series of polyhydroxyamines,
and also the parent series of monoamines from which the symmetrical di-
amined were prepared. Similarities, as well as differences, in the spec-
trum of a parent monoamine and the spectrum of its corresponding diamine
will be notedy and comparisons will be drawm among the spectra of the two
series.

Table I (the symmetrical diaminea) and Table II (the parent monoamines)
show the compounds studied, their official names, and our code numbers which

were used to represent them. These numbers have bsen found to be a con-
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venient means of discussing the relatively large number of similar com-
pounds. The first two digits of the number rofer respectively to the
number of carbon atoms and the number of oxygen atoms in the parent mono-
amine group, The parent itself is indicated when the third digit is w1w;
the symmetrical diamine (in which the 2-propanol group bridges two identi~
cal monoamines) is indicated when the third digit is ®2@,



TABLE I.
STMMETRICAL DIAMINE LIGANDS

Code " Formula 4 IUPAC Name

002 Hyfi-CH,~CH(OH)~CH,-1H, 1, 3-Dianino-2~propanol
212 HO~CH~CH 1~ CBLy~CE(OH) ~GHL - HELy~CH,~CH ,~OR 3,7-Diaza-1,5, S~nonanetriol
+
02 (CH), CB-{itt,~CH,~CH(OR) ~CHpiH,~CH(CHj), 2,8-Dimethyl-3,7~diaza-5-nonanol

312 (HO-CHp)(CHy)CH-NH,~CHy-CH(OH)~CHy-NH,~CH(CH,) (CH,-0H)  2,B-Dimethyl-3,7-diaza~1,5,9-nonanetriol

322 (HO-GH,,),, CB~NE~CH, ~CH(OH) ~CH,,-NE,~CH(CH,,-0) , 2,8-Bis(hydroxynethyl)-3,7-diaza~1,5, 9-nonanetriol
402 (GH3) y0-H8,~CH)~GH(0H)~CH,-iH,~C (CH3 ) 2,2,8,8-Tetranethyl~3,7-diaza-5~nonanol

12 (m—caa)(033)2c-§nrc32-cn(on)-cn2-ﬁn2~c(cn3)2(cnz-on) 2,2,8,8-Tetramethyl-3, 7-diaza-1,5, 9~nonanetriol

li22 (Ho-cnz)2(an)c-ﬁnz-caz-cH(on)-cHz-ﬁnz-c(cBB)(cnz-ox)a 2,8-Bis(hydroxymethyl)~2,8-dinethyl-3,7-diaza~1,5,9-nonanstriol

k32 (BO-CHy) 30-§32-032-GH(OH)-CH2-§HZ-G( CH,~0H) 3 2,2,8,8-Tetrakis(hydroxymethyl)~3,7~diaza-~1,5,9-nonanetriol
+ +
——— HBH-CHZ-GHz-CHz-NHB 1,3~-Diaminopropane

* The formulas are those of the dipositive ions of the dihydrochlorides.



TABLE II.
PARENT MONOAHINE LICANDS

Cods Fo. Formila IUPAC Name
101 il -0 Aminamethane hydrochloride
201 CAly- G -fifly L sminosthane hydrochloride
211 FO-CH,~CH, -8+ 1 2-Anincethanol hydrochloride
;m (), CB-HE 1 2-mtnopropane hydrochlaride
m (HO-CTL, ) (CH 5 )CH-BB,-CY 2-Amino-1-propancl. hydrochlaride
3 (m-cge)zm.%-cf 2-Amino-1,3-propenedicl hydrochloride
ko1 (mB)Bc—&xs.-cf 2-Amino-2-methylpropens hydrochlaride
L (m-ma)(cs:,’)zc-ﬁnycz" 2-Anino-2-methyl-l-propanol hydrochloride
421 (m-cnz)a(m_,,)c-ﬁna-cf 2-Anino-2-methyl-1,3-propansdicl hydrochloride

L3 (m-csz)Bc-me.cf 2-Amino-2-hydroxynethyl-l, 3-propanediol hydrochloride
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II. FUNDAMENTALS
A. THE ORIGIN OF INFRARED SPECTRA

Infrared spectra arise from changes in the different modes of motion
of molecules that are possible on the absorption of a gquantum of electro-
magnetic radiation at wavelengths between 1 and 50 mierons, Molecules are
composedi‘;toms vwhich are linked by means of interacting forces called chem-
ical bonds, The atoms are never at rest, but are constantly vibrating

about their equilibrium positions, which results in an alternate stretching
and contracting of the bonds (Figure 1). As a first approximation, the

molecule behaves like a set of masses connected by springs which follow
Hooke's law, Thus, when the atoms are displaced from their equilibrium
positions, they experience a restoring force which is proportional to the
amount of displacement and opposite in direction:
f = -kx (1)
The work done on the molecular system in distorting the bonds 1is
stored as potential energy:
dU = kxdx (2)
Integration gives the change in the potential energy as a function of the
displacemsnt:
U = 3kx2? (3)
The constant #k® is called the "force constant® of the chemical bond.
For the simple case of a diatomic molecule, if the bond is assumed %o
be a classical harmonic oscillator, the positions of the two atoms as a
function of time can be derived from Hewﬂon's second law of motlion:
f = ma (L)
which, for the system of two masses, becomes:

b -}.la. (5)
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where the reduced mass "}1" is defined as:

I S €
b
8ince acceleration is the second derivative of displacement with respect
to time:
a = 9_25 (7)
dte

Equations (5) and (7) can be substituted into Bquation (1) to obtain:

kx = p, & (8)
at2
a solution of which is:
x = A sin (k/p)} . g (%)

where the constant "A" represents the maxirum value of the displacement,
i.e., the vibrational amplitude., Thus, the positions of the atoms change
sinusoidally with time, and the interval which corresponds to one vibration
is Zn(p/k)%. The reciprocal of this quantity is the frequency of vibration:
Y classical * 1 (10)
2n(/p) %

However, chemical bonds are not classical harmonic oscillators, since

they absorb energy only in discrete quanta. Erwin Schroedingerfs solution
to this problem differs from the classical approach by permitting only cere
tain values of energy to be imparted to the vibrating system, the allowed
energies forming a pattern of "levels" which are spaced by the amount:

8 €gtbrationsy = _(e/m? (11)
27ie

where "o" is the velocity of light (3 x 1010 cm/sec.) and 8€.;), 18 meas-
ured in units of reciprocal centimeters. Trangitions among the levels are
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induced by electromagmetic radiation when a dipole vector of the bond is
oscillating with the same frequency as the electric vector of the radia~
tion, and absorption occurs when the quantum of energy satisfles the equa-

tions
(12)

where "h* is Flanck's constant (6,625 x 1027 erg-gec.) and *w is a non-
negative integar. ( 2)

For polyatomic molecules each bond has its owm pattern of vibraticnal
energy levels which dopends on the massss of the atoms and the force cone
stant of the bond, Consequently, polyatomic molecules give rise to a large
number of vibbational transitions and to a charasteristic ebsorption maxie
mum for each different type of chemlcal bond that is present., Infrared
spectra are graphical ropresentations of these absorption mexima as func-
tions of the wavelength (or frequency) of the radiation being absorbed,

B, FRACTICAL AFPPLICATIONS OF INFRARED DATA

Sincs the vibrational frequencles are characteristic of the different
chemical bonds which are present in a moleculs, thsy are very useful in
identifying the structwral units which occur in unknowum compounds. Not all
of the possible vibrations are suitable for this type of analysis, bince
some vibrational "group frequencles? have been found to change for different
molecular enviromments. However, the apiroximate constancy of the spectral
position of many group frequencies has boen established for a mmber of dif-
chemical bonds, and the reliability of these positions has been verified in
the literatwre (3, b, 5, 7, 13, 17, 19, 22, 29, 3, 32, 33).
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Group frequencles are usually described in terms of the motions that
the atomic nuclei of a molecular structural unit underge during the vibra-
tion. The simplest and most commonly encountered motion of the nuclei,
viz,, dlatomic stretching, has already been described, If three atoms
are bound linearly and a streitching vibration occurs, it may be a sym-
metric motion, in which the two end-nuclei move in-and-out in phase (Fig-
ure 2-a)3 or it may be an asymmetric motion, 1n which the two end-nuclel
move alternately (Figure 2-b). All vibratory motions of nuolei other than
stretching vibrations are classified as "deformation vibrations.®

A linear unit of three atoms such as the one shown in Figure 2 can
undergo a bending deformation, in which the end-nuclei move alternately
off-and-back to the principal axis (Figure 3). A non-linear unit of three
‘a.tons can also undergo a bending deformation, in which the end-nuclel move
alternately toward-and-away from each other (Figure l); non-linear bending
is called "soissoring."

In addition to the bending and scissoring deformations, there are three
other types, called ®wagging,® ®rocking," and®twisting.®” The wagging defor-
mation occurs when the two end-nuclel move in phase alternately above-and-
below the plane of the unit (Figure 5). The rocking deformation occurs
when the two end-nuclei move in phase in the plane of the unit, in such a
manner that the bond angle is alternately expanddd and compressed (Figure 6).
The twisting deformation is an oscillatory motion of the plane of the unit
about the bond connecting it to the rest of the molecule (Figure 7).

For a simple non-linear molecule such as H,0, the three absorption
bands which appear in the infrared spsotrum have been assigned to three
fundamental vibrations: a symmetric stretching (Figure 8), which has a
frequency1)1; a scissors (Figure 9), which has a frequenoyvp; and an
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asymmetric stretching (Figure 10), which has a frequency’ﬂ3. Diagramming
the vibrations in this way implies that the frequencyv, depends entirely
on a stretching force constant, k;, while the scissoring fundamental,v 5,
depends entirely on a scissoring force constant, ky; and that there is no
contribution of k, to the force constant that determines 7y, and vice
versa. (32) This idealized concept of completely isolated stretching and
deformation vibrational modes cannot be applied successfully to all the
structural units of large (polyatomic) molecules, since it has been found ‘
that some structural units have vibrational modes which are rather easily
perturbed by interactions from those of adjacent units in the molecule.(l)
There are structural groups, however, which retain some of their character-
istic vibrational modes throughout a large number of compounds, and these
modes are the true P"characteristic frequencies® for the structural group.
When a particular mode can be associated with a definite group, it can be
used for identification. Examples of characteristic frequencies for a
large number of structural groups have been tabulated in the literature

(s, 7, 13, 22, 26, 32), and are available for analyzing the infrared spec-

tra of speclific compounds for the presence of these groups.
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III. EXPERIMENTAL FROCEDURE
A, SIYNTHESIS AND PURIFICATION

The procedure for the synthesis of the compounds of Table I was sug-
gested originally by Plerce and Wotiz (25) and later modified slightly by
O'Rear (23) and Jackson (15)., For the compounds of Table I which were

prepared by Davis (9) and Briel, the procedure used is outlined below.

Preparation of the Diamine Ligands

Reaction: "’H

C
ZHEON
K o2

R - NH cﬁ/o\cn c1 Holl = R comemmemd
2 2 CHyp 2 R - NHyeCl™ HN - R
+*

A solution of two moles of the amine in 300 ml, of absolute ethanol was
placed in g one liter 3-neck flask., One of the small side necks was fitted
with a thermometer which was immersed in the solution, the other with a
separatory funnel containing a solution of one mole of epichlorohydrin in
150 ml, of absolute ethanol. The large center neck was adapted to a re-
flux condenser, above which was a cold trap for any of the reaction mix-
ture which might be expelled from the flask during an especlially vigorous
moment in the reaction. To keep the temperature of the reaction mixture
below 30°C, the flask was partially immersed in a water bath. Magnetic
stirring of the reaction mixture was maintained throughout the entire
course of the reaction.

The solution of epichlorohydrin was added by single drops over a pe~
riod of two hours. The mixture was then allowed to stand overnight (with
stirring), after which warm water was slowly added to the bath until the
mixture began to reflux gently. The water bath was replaced by a heating
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mantle and refluxing was continued for eight hours. The reaction mixture
was cooled and transferred to another vessel (Figure 11) for the prepara-
tion of the dihydrochloride salt.

- It was noted that when the reaction was initiated with the temperature
of the solution at 25°0, considerable amounts of heat were evolved after
the first half-hour, and ice had to be added to the bath to keep the tem-
perature below 3o°c; but if the solution of the amine were cooled below
15°C before beginning the addition of the epichlorohydrin, little change
occurred in the temperature during the entire addition of the reagent.
However, when such a mixture was then allowed to warm to 25°C, the evolu-
tion of heat became spontancous and generally rather violent, Consequent-
ly, the reactions were usually run with the bath temperature maintained
between 25°--30°C, until sufficient time had elapsed to permit safe re-
fluxing.

Preparation of the Hydrochlorides

The classical procedure for preparing the hydrochlorides of amines
involves passing a stream of anhydrous hydrogen chloride directly into a
solution of the bage in a non-polar solvent (e.g., ether or benzene), so
that the highly-polar salt which is formed will precipitate (28)., For the
alkanolamines, Fuson recommends l-propanol as a better solvent for the more
polar bases (28); and it was found that the greatly enhanced polarity of
the polyhydroxyamines required sbsolute ethanol (methanol was preferable
for 2-amino-2-hydroxymethyl-l,3-propanediol) as the solvent for this re-
action. A distinct disadvantage of these polar solvents, however, was
that the hydrochlorides were generally sufficiently soluble to remain in
solution. To force precipitation of the salts, small amounts of absolute



ether were added until a faint turbidity was produced in the solution.
Then, ths reaction vessel (Figure 11) was placed in an ice bath and the
passage of the gas wos resumed until crystals were formed.

Since most of these salts were found to bo qulite hygroscoplo, it was
necessary to conduct this reaction with a minirum exposwre to atmospheric
moisture. The crystals, which showed a tendency to mat, were difficult to
remove from an ordinary flask with a small neck; consequently, a closed ves-
sol with a wide mouth was desired. An inexpensive, but highly satisfactory,
vessel (Figure 11) was constructed from two 500 ml. polyethylene wash bote
tles (4) and (C), a cylindrical funnel (B), and a separatory funnel (D).

The botton was removed from one of the polyethylene bottles and the top from
the other, so that the palr could be put together to form a closed vessel,
which was easily opened to remove the salt.

When the reaction was complete, the product was filtered with suction
through a fine gintered-glass disc. The crystals were washed rapidly with
sovaral portions of absolute ether and transferred to a vacuum desiccator
for storage until recrystallization.

Purification of the Compounds

The hydrochlorides of the amines of Table II were recrystallized to
constant melting point. The crude product from the reaction was dissolved
in 2-butanol by boiling the mixture until all of the solid had gone into
solution. The solution was chilled in an ice bath and the orystals which
wore obtained were filtered with suction through a fine sintered-glass disc
and washed with several podtions of absolute ether. The purified compounds
ware stored in a vacuum desiccator until the spectra were taken,
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B. INFRARED TECHNIQUE

The potassium bromide disc technique (30) was used to prepare samples
of the hydrochlorides for infrared analysis. The discs were prepared by
the following procedure.

One gram of spectroquality potassium bromide (powder) was weighed on
an automatic electric balance and transferred to a stainless-steel ball-
milling capsule, Five tenths of a milligram of the hydrochloride was
added to the capsule, and the mixture was ground in a mechanical shaker
| for ten minutes, After grinding, 200,0 mg. of the mixture wes transferred
to the pellet die, and a high vacuum was applied for five minutes to re-
move volatile impurities (viz., water, ether, or 2-butanol). Without
interrupting the vacuum, a pressure of 10,000 1bs./in.2 was applied to
the plunger of the die by means of a hydraulic press. After fiftecn mine
utes the pressure was released, the vacmum was broken slowly, and the
disc was placed on a special mount in the Perkin~Elmer Model 21 infrared
spectrophotometer,

A distinct advantage of this technique is that the sample discs are
permanent and can be stored conveniently. Nevertheless, it was found
that even in an evacuated desiccator, the spectra of the more hygroscopic
salts studied tended to lose their reproducibility after a month. How-
ever, these discs could be ground; dried in a vacuum oven to remove the
sorbed water; and re-pressed, giving spectra which were essentlally the
same as the originals (taken before storage). Most of the discs can
st11l be made to yleld spectra which are good reproductions of those

first taken,
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C. CODING OF SPECTRAL DATA

The IE{ 1620 digital computer was used to make a rapid examination
of the experimental spectral data for each pertinent group frequency which
was found in the literature., In this way, ail of the experimental data
could be examined for the presence of a gpecific group frequency, end many
characteristic frequencies could be checked in a comparatively short period
of time,

A systenm of coding the spectral data onto punched cards was necded,
before the computer could produce the lists of the bands in the experimene-
tal spectra which were comparable to the literature group frequenclies. The
systems which are used by compilera of the spectral reference literature
generally index only the major peaks in the absorption bands. However,
since the bands of the experimental spectra were often composed of other
points of significance (i.e., shoulders), it was decided to use a system
of coding which could index all maxima (peaks and shoulders) which were
found in the absorption bands. For each of the maxima indexed, the fol-
lowing specifications were recorded on an IPM data card:

1. The abscissa of the point-~its spectral wavelength in microns., This
variable (designated ®A") was recorded as a four dipgit number, with a
decimal point implied between the second and third digits. (The come
puter was instructed to insert a decimsl point at this position.)

2. The ordinate of the point--its absorbance value in (logerithmic) ab-
sorbance units, This variable (designated "B*) was recorded as a
three digit number with the decimal point impliecd between the first
and second digits,

3. The spectral width of the maximum, This varisble (designated ®C%)
wag measured by counting the number of chart divislons which were



ke

n& .

' along a horisontsl line segmant that was 0,01 absorbance unit below
 the absorbance of the mexivaum and enclosed by the curve. The width

' in mierons could be obtained, since each of the divisions reprosented
0.05 mi. However, a stmplification was possible in reporting the

i value of this varisbles it was observed that for most of the experi-
| mental maxima, the ctn'va appeared (aussian at this small distance

from the pesk, Tharefors, ths nuzber of divislons wes multiplied

by 0.025 and reparted as the abscissa of the maximm plus the spactral
width, and the sbscissa of the maximm winus the spectral width

(A2 0)e ho variable "C* is not intendsd to represent the sccuracy
or the precision of the measurement of tha variable ®A®j but the
locstion of two additional points on the cwrve at a fixed digtance
below the pesk, The sbsoluts value of this variable is dirsotly
mlatedtothnapreaﬁafthacwintheregimoft&mpoinﬁnfm-
frmam absorbanca, and 1t mdi.cam the aharpnaas of the peak,

The type of maximum, smeﬂwuhoulderanﬂthopaakmnfa
band are recorded as separate points of significance (on different

IB{ data cards), an arbidrary clagsification system vas devised in
which the type of a particulsr meximm could be specified, Nine
distinct types of maxima were ideslized from the experimental spsc-
tra, eaehef%esembemgrepmsmmmmeoﬂngmmw
& different value (1-=9) of a single digit varisbls, "L, The nine
1dealized types of maxima were difined as followss
TYRE fls A pe&-muivﬁnﬁhich'haam shoulder-maxing associnted
vith 1t and ¥hich s not a branch of a miltiple-peak
band, The Type #1 maximm is an isolatod pesk and 1t
does not occur in a band with any other of the idealized
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types. A Type #1 maximmum is shown in Figure 12.

TYIE #2: A shoulder-maximum which lles on the low-wavelength
(left) side of the peak and which has the lowest ab~-
sorbance value of any of the shoulders on this side.

A Type #2 maximm is shown in Figures 13,1L,15, and 20,

TYFE #3: A shoulder-maximm which lies on the low-wavelength
(left) side of the peak and which has an absorbance
value higher than that of the shoulder-maximum immedi-~
ately preceeding it. A Type #3 maximum is shown in
Figures 14 and 20. '

TYFE #4: A peak-maximum which has shoulder-maxima associated with
it, but which is not a branch of a multiple-pesk band.
4 Type #i maximmum is shown in Figures 13--17.

TYFE #5: A shoulder-maxirum which lies on the high-wavelength
(right) side of the peak and which has an absorbance
‘value higher than that of the shoulder-maximum immedi-
;tely following it. A Type #5 maximum is shown in Fig-
ures 16 and 20,

PTYFE #6: A shoulder-maximum which lies on the high-wavelength
{right) side of the peak and which has the lowest ab-
sorbance value of any of the shoulders on this side.

A Type #6 maximm is shown in Figures 15--17, and 20.

PYEE #7: A peak-maximum which is the lowest-wavelength branch
(left branch) of a mmltiple-pesk band (i.e., & single
absorption band in which several separate peaks can be
distinguished clearly, but lie so close together that
the 'Yalley® between any two of them lies high above the
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TYPE #8:

TYPE #9:

TYFE #0:

16,

base line);, A rule was made to distinguish between
adjacent peaks which could be considered disjunct

(in separate sbsorption bands) and those which could
be considered conjunct (in the same absorption band).
The rule states: If the minimum of the valley between
a pair of adjacent peaks lies at a height which is less
than half the height of the lower maximum, the pair is
disjunct. The Type #7 maximum is shown in Figures 18
and 20,

A peak~maximum which 1s an intermediate branch of a
multiple-peak band, which has more than two peaks.

The Type #8 maximun may either be shouldered or un-
shouldered., A Type #8 maximum is shown in Figures

19 and 20,

A peak-maximum which is the highest-wavelength branch
(right branch) of a multiple-peak band. The Type #9
maxiyum may either be shouldered or un-ghouldered.

A Type #9 maximum is shown in Figures 18--20,

An exceptional maxirmum which will hot fit into one of
the other type categories. (It has not been used in

classifying any of the experimental maxima.)

The overall appearance of the curve in the region of the maxirmm,

Although the spectral width was used to indicate the exact positions

of two additional points on the curve at 0.0l absorbance unit below

the indexed maximum, it was desirable to be able to describe the

general appearance of the curve throughout this region.

Six distinct
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shapes of maxima were idealized from the experimental curves, each

different shaps being represented in the coding system by & differ-

ent value (1--6) of a single digit variable, "M", This classifica~-

tion is the most subjective indication of the data, but it is use=-

ful in being able to describe the appearance of the curve., The six

idealized shapes are described as follows:

SHAIE #1s

SHAEE #23

SHAEE #3t

SHAFE #l:

SHATE #5:

SHAFE #63

The Inflection Point--a shoulder-maximum of very small
spectral width, This shape of maximm (Figure 21) usu-
ally appears as a change in the slope of the vertical
portion of the spectral curve., It is the least sig-
nificant shape of maximum which was indexed,

The Flateau~-a peak, or a shoulder=-maximm of rather
large gpectral width, which appears essentially flate
tened in the region of the maxirmm. (Figure 22)

The Small Finger--a minor (low absorbance) peak, which
appears distinctly rounded in the region of the maxirmm,.
(Figure 23)

The Large Finger--a major (high absorbance) peak, which
appears distinctly rounded in the region of the maxirmm,
(Figure 2k)

The Small Spike--a minor (low absorbance) peak, which
comes to a sharp point in the region of the maxiwmum,
(Figure 26)

The Large Spike=-=a major (high absorbance) peak, which
comes to & sharp point in the region of the maximun,
(Figures 21, 22, 23<b, 25, 26-b)
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6. The spectrum in which the maximum occurred was indicated by a com-
bination of three variables, "I", "J®, WK":
"I" indicated the code number of the compound (Tables I & II);
®J® indicated the number assigned to the specific spectral chart;
®K*® indicated the number of a particular spectrum on the chart,
counting doym from the upper left corner of the sheet,

To indicate the beginning and end of the absorption bands, two single=-
digit variables were defined, If a band contained only an isolated peak,
the particular combination of values for these variables (®LA® and “LB")
was LA = 1, LB = 2, For the initial maximum of a band containing more
than one peak, the combination was LA = 1; LB » O; and each succeeding
maximum in the band (except the last) was given the combination LA = O,

LB = 0 (wnpunched), The last maximum of a band containing more than one
peak was givan the combination LA = 9, LB = O,

To indicate the final maximum for each coded spectrum, the variable
#N® was defined, For all maxima of a spectrum except the last, this vari-
able had the value ®0® (zero, unpunched)s for the final maximmm, the value
of ®N* was nine, In this way, the computer could detect the end of a spec~
trum vhen it occurred, which simplified the program considerably.

The Fortran source program,which was written to enable the IBM 1620
to correlate the positions of the absorption bands in the experimental spec-
tra to the positions of the group frequencies found in the literature, ap-
pears on the next three pages. A block diagram of the interrelationships

between the Fortran statements is showmn in Figure 27,
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Fortran Source Program

5J PRINT 110
1l FORMAT(Zoreidbs FUnCTioNAL Ghour)
ACCerT 111
111 FORMAT (490 )
PUNCr 111
FRINT 112
112 FORMAT(LTHENT =R Lower LIMIT)
ACCERPT 10Cs D
100 rORMAT (FEeZ)
PUNCH 1173
113 FORMAT(40HLOWER Il T OF kel v lie EXAMINED 15-)
IF (B-5Ca) 30Cs 30U 331
21 FUNCH 1U2s U
1uZ FORMA (FOelsosoAoloril /T I METERS)
AL=lueUnx4/0
U TU 32
30V AL=D
34 PUNCH 1uls AL
101 FORVMAT (FS9e285Xs0THIICRGNG/)
33 VRI“T 114
114 RMAT{I7THENT ok URPPER LINIT)
ALLtPT 103 U
102 FrORMAT (FEe2)

PUNCH 1153

IF (LU=5Ue) 3Lls 201y &

I~

PUNCH 1U2s U
AU=lveU#a4/U

(8]
I

sC TU 35

30l Au=U
35 FPUNCH 1Uls AU
1 READ 134, TodsloAonalol ol Asitosly
104 FORMAT L Goe il lles2AorbelsiZocdorcaisllolilotAollslle3Xsll)
PRINT i05s I
105 FORMAT (15921391292 s el s Aolrbebs lAsFE8alsBA s BadsbXollebXell)
2uu IF {(A=AL) 201l Z02s G2
2ul IF (=11 Z9 Zs 50
Zz RCAD 1G4 ToJsKoAst sl ol ool Aisl imell
GO TC <00
536 PUNCH 406
106 FORMAT (/)
PUNC 105, 199l

PUNCH 116

116 FORMAT (4addidAS NC PEARs =5 [N Tk DEGION BEING EXAMINED)

GO 70 1

2U2 IF (A-AU) 203s 20Zs 204
7 - ,

U4 IF (K=1) 379 38 58

37 PUNCﬂ 117

117 FORMAT{LI3HEND OF Rocluiv/ /]
PmimT 1ig

1

1138 FORHAT (ZBﬁEND OF SeARCH IN TilS REGLICON)
)
1

l'< |1T l




Figure 27: Block Diagram of the Computer Program
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Iv. SPECTRA



Figure 28:
THE SFECIRWGI OF
1, 3~Diaminopropanc dihydrochloride

Figure 29:
THE SEECIRWM OF
1,3~Diamino~-2~propanol dihydrochlorids
(002)
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Figure 30:
THE SFECTRIM OF
2-Aminoethanol hydrochloride
(211)

Figure 31:
THE SFECTRWM OF
3,7-Diaza-1,5,9-nonanstriol dihydrochloride
(212)
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Figurs 32:
THE SFECTRWY OF
2~Aninopropans hydrochlorids
(301)

Figure 33:
THE SIECTRWI OF
2, 8-Dimethyl-3,7-diaza~5-nonanol dihydrochlorids
(302)
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Figure 3l
THE SHECTRWM OF
2-Amino~1-propanol hydrochloride
(311)

Figure 35:
THE SFECTRUM OF
2,8-Dimethyl~3,7~diaza~1,5,9-nonanetriol dihydrochloride
(312)
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Figure 36:
THE SFECTRWY OF
2-~Amino-1, 3~-propanediol hydrochloride
(321)

Figure 37:
THE SEECTRW OF
3~Aza~6-chloro-2-hydroxymethyl-1, 5-hexanediol hydrochloride
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Figure 38:
THE SEECTRUM OF
2-Amino-2-méthy1propane hydrochloride
(Lo1)

Figure 39:
THE SFECTRW OF
2,2,8,B-Teﬁramethyl-B,7-diaza—5~nonanol dihydrochloride
(ho2)
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Figure LOs
THE SFECTRUM OF
2«Anminc2-mathylelepropanol hydrochloride
(l11)

Figure ll:
THE SFECTRWM OF
2,2,8,8-Tetramethyl«3,7-diaza~1,5,9%=ncnanstriol dihydrochloride
(L12)
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Figure h2:
THE SEECTRUE OF
2«Anino-2-mathyl-1l, 3-propanediol hydrochloride
(421)

FPigure L3s
THE SPECTIREL OF
2,8-Bis(hydroxynotiyl) -2, 8-dinethyl-3,7-d3ana~1,5, S~nonsnetriol dihydrochloride
(he2)
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Figure lis
THE SECTRU OF
Z-kamo-zohydrométhylcl s J=rropanediol hydrochloride
(h31)

Figure LS:
THE SEECTREL OF
2,2,8,0-Totrakls (lwdrawmﬁhyl);_‘i »T=diaza-1,5,%nonanctriol dihydrochloride
(L32)
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Figure Li6:
T SEECIRW OF
Anminomethane hydrechloride
{101)

Figure 47s
THE SEECTRW ¢F
Amingathane hydrochloride

(201)
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23,

B TABLES OF RESULIS

Correlations between the positions of the absorption bande in the
expaerimental spectra and those of pertinent structwral group frequencles
are surmarised in Tables III -~ XYII. These tables are presented in the
same ordar as the preceeding spactra (l.e., Table III corresponds to Fige-
ure 28, Table IV to Figure 29, etc.), and they are designed to show the
positions of the absorption bands and those reported for structural units

which have corresponding group freguencies in the same region of the
apectrum,

The information is tabulated in ths following uniis:
1. Feak Wavelength ~ microns |
(The spectral width funchion is listed with the abscissa of
each maximm, The symbol "+% 1s uged to indicate plug and
minus, ¥ 2 P,
2. Wavenumber -- reciprocal centimeters
3. Absorbance -~ logerithmic absorbance units
L. Type and Shaps -- thesse nurbers refer to the code categories
which were defined on pages Li=-=1T7,
5. Band Fosition -~ microns
6, Literature Fowmitions of (corresponding) Group Prequenciss -
reciprocal centimaters

If a pertinent structural unit was not found for a band position, this
column was left blank, The notation "(umspecified)" indicates that the
Vibrational l‘ods of the Structwral Group was not specified in the reference
literabure,



TABIE III.
THE ABSORPTION BANDS OF
L, 3~-Diaminopropane dihydrochloride

Band Characteristics of the Psak Maxima in the Band Band Position Lit. Position Structural Group and
- Ho. Peak Wavelength Wavenumber Abs, Type Shape {(microns) of Group Freq.  Vibrational Mode
2,83 - 3200 - 2955 ~NH.* (unspecified)
2967 - 2873 ~CHp stretching (asym.)
2898 ~ 2810 ~CH, scissors (sym,)
2820 ~ 2760 ~N-CHp~ stretching
2700 ~ 2180 ~NHq* (unspecified)
473 ~ 2050 ~ 1800 N3+ (unspecified)
6.03 - 1650 - 1590 ~NH, deformation
L N k 6,65 ~ 1480 - 1420 -~CH, scissors (sym.)
1460 ~ 1430 ~N-CHp deformation
5 l 6 7.09 = 1400 - 1350 ~CH, scissors (sym.)
6 L 3 7.38 - 1340 ~C~H bending
7 1 6 8.23 ~ 1220 - 1020 ~C~-N (unspecified)
8 L 6 8.140 - 1220 - 1020 ~C-N (unspecified)
7 Lo b 8.96 ., 1096 N-C~C~C-N (unspecified)
1090 - 1067 -NH, (pri.) stretching



HNo.
10

11

13

TABLE III,

Characteristica of the Peak Maxima in the Rand
Peak Wavelength Wavenurber Abs,

9.69 +* 0.005
10.58 + 00022
10070 +* 0.010
11.33 + 0.050

12.80 L 4 00018
13016 + 0.038

1032
ShS

935
882

761
760

0.16
0.56
0.51
0.17

0.2l
0.15

Type Shape
b 3
7 Y
9 5
1 2
7 6
9 3

(Continued)

Band Fosition
{microns)

9662 - 9-72‘
10.36 ~ 10,98

11-28 had 11038
12‘69 - 13026

Lit. FPositions
of Group Freq.

1023
995

950 - 905

900 - 840
745 - 715

Structural Group and
Vibrational Mode

N¥=C=C=C=N (unspecified)
~N~CHp stretching (sym.)

~CH,=CHy= (unspecified)

~CHy=CHy~ (unspecified)
~Gily=CHy~ rocking



TABLE IV,
THE ABSORFTION BANDS OF
1,3=-Diamino=-2~propanol dihydrochloride

Band Characteristica of the Peak Maxima in the Band Band Position Lit. Positions  Structural Group and
No. Peak Wavelength Wavenumber Abs, Type Shape (microns) of Group Freq, Vibrational Hode
1 2.98 + 0,020 3355 0.60 7 3 2,94 « L4.30 3500 « 3300 «NeH stretching (asym)
3,53 + 0,010 3003 1,22 9 3 ~=H stretching (sym.)
3476 - 3L84 =0« stretching (sec,)
3200 -« 2955 «H.* (unspecified)
2967 - 2873 ~CHy stretching (asym.)
2898 « 2819 -CHy scissors (sym.)
2820 - 2760 ~N=-CH, stretching
2700 - 2180 ~NHy*" (unspecified)
2 5.25 + 0,080 1505 0,18 1 L 5.17 = 5.33 2050 - 1800 -Miy*  (unspecified)
3 6.22 + 0,008 1608 0.62 7 6 6.03 = 6,47 1650 « 1590 <N, (pri.) deformation
6.37 + 0,025 1570 OS5 9 3 '
h 6.60 + 0.020 1515 0068 7 5 6057 - 7.08 El.hBO - ]-hZO -~CH scissors (sm.)
6.78 + 0.020 W75 1.00 9 6 1460 - 14,30 «NeCHo~ defarmation
1433 - 1375 ~0H (sec.) (unspecified)
5 7.2k + 0,025 1381 0,31 b 3 7.1 - 7.28 1400-- 1350 «Cil, scissors (sym.)
6 T.43 + 0,012 1346 0.36 7 Iy 7.42 = 7.6} 1350 - 1260 -0H (sec.) (unspecified)
i 7.88 + 0,050 1269 0.23 1 3 1350 = 1260 «00 (sec.) (wnspecified)

7483 = 7.93



TABIE IV. (Continued)

Band Characteristics of the Peak Maxima in the Band Band Position Lit. Fositions Structural Group and
Ho. Feak Wavelength Wavenuzber Abs. Type Shape {microns) of Group Freq. Vibrational Mode
8 8.59 + 0,030 1164 0,33 & N 8.56 - 8.82 1220 - 1020 «§~C~ (unspecified)
114, - 1052 ~0H (sec.) (unspecified)
1147 - 1118 HeC=C=C=N (unspecified)
9  8.99 + 0.300 m2 030 1 6 8.96 = 9.02 1125 - 1025 -OH (sec.) (unspocified)
10 9.32 « 0,015 1073 053 1 6 2.30 = 9.3, 1125 - 1025 ~0H (secc.) (unspecified)
1090 - 1067 -NHp (mri.) stretching
11 9.56 + 0,012 10L6 0,50 1 6 9455 = 8,57 1125 - 1025 -0H (aec.) (umspecified)
122 10.0 + 0.025 5% 0.8 1 6 10,01 - 10.07 995 -B-CH, stretching (sym.)
13 10.49 + 0,018 953 03 7 3 10,15 - 11.00 995 -N-CH, stratching (sym.)
10.68 + 0,022 936 o0 9 L
xii 11.85 + 0,008 8is 035 L 3 11.80 - 11.55 $00 ~ 840 ~CHy=CHy~ (unspecified)
15 12.18 + 0,038 821 015 L 3 12,04 - 12,34 840 - 790 ~(~C~ stratching



TABIE V.
THE ABSORFIICH BANDS OF
2-Aminocethanol hydrochloride

Band Characteristics of the Peak Maxima in the Band Band Fosition Lit. Fositions Structural Group and
No. Peak Wavelength Wavemwber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
1 3.10 + 0.010 3226 110 7 5 3.09 « L.LS 3650 -~ 2500 -0-H stretching
3.36 + 0.030 2976 15 8 L 3500 - 3300 -, {pri.) stretching
L.16 + 0,008 2h0) 0.18 g ] 3200 - 2955 -1 Ze ? pacified)
299 -~ 2900 -CH, stretching (asym.)
2967 - 237h ~-Ho-CHp stretching (sym.)
2820 -« 2760 -E-GEZ- stretching
2700 - 24,80 (unspecified)
2 5.06 + 0,050 1976 012 L 3 4e95 = 5.35 2050 - 1§00 -RH3* (unspecified)
3 6.20 + 0,078 1613 0.h8 T 6 6.05 = 6,50 1650 - 1590 % (;ri. ) deformation
6.36 + 0,015 1572 0.29 9 3 1642 - 1525 ied)
L 6.7 + 0.005 148k 0.82 7 6 6.65 = 6.96 1572 - 1,93 - (unspecified)
6-91 L ] 0.002 nd.L? Oohﬂ 9 5 m?? - mzo -ma" - 5@18301‘8 (mo)
1466 - 1400 «0H (ri.) (unspecified)
160 - 1430 -H-CH,- deformation
5 7433 + 0,010 16 018 1 3 731 = 7.35 1397 - 1351 ~CHy=CH,~ scissars (sym.)
6 7.53 + 0,005 1328 0,50 1 6 752 = T.54 1350 -~ 1260 <0 {Pri,) deformation
~C=0 stretching
7 7.80 + 0,002 1282 0.39 b 6 779 ~ 7.82 1350 -« 1260 08 (pri.) deformation

~C=0 stretching



Band
Ho.

10

12

13

Characteristicas of the Peak Maxima in the Band

Peak Wavelength Wavenumber Abs,

7096 + 00010

8.70 + 0,012

9,02 + 0,010
9.4y + 0,008
10,10 + 0,038
10,26 + 0.015
11,54 + 0,015

1256

1149

1109
1059
990
975
867

043k

0.29

0.2
0.94
1.09
0.82

0.20

TABIE V.,

Type Shape
1 6
1 6
1 6
1 6
7 L
9 5
1 6

(Continued)
Band Position
(n;icrond) |
7-95 ad 7¢97

8 .69 - 8 '71

9-01 - 9-03

i 90’43 - 9.h5

10.08 - 10,60

11053 - 11355

Lit, Positions
of Group Freq.

1350 ~ 1260
1178 - 1000
1220 - 1020
1100 - 1000
1075 ~ 1000

995

900 ~ 840

Structural Group and
Vibrational Mode

~0H (pri.) deformation
~C~0 stretching

~0H (pri.) (unspecified)
~C~-N (unspecified)

-CH2~CH2~ (unspecified)

~0H (mri.) deformation
-C~0 stretehing

~N-CH,~ stretching (sym.)

~CHy~CH,~ (unspecified)



TABLE VI,
THE ABSORPIION BANDS OF |
3,7-Diaza~1,5,9-nonanetriol dihydrochloride

Band Characteristics of the Peak Maxima in the Band Band Position Lit, Positions Struectural Group and
No. Peak Wavelgngth Wavenumber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
1 3.4 + 0,110 3185 1,22 7 l 3.11 - Lol 3650 ~ 2500 ~0~H stretching
3.25 + 0,015 3077 0.92 8 3 3500 = 3100 -N-Hg(sec.) (unsp@cified)
3.46 + 9,012 2890  0.95 8 3 3200 - 2955 ~NHo* (unspecified)
3.66 + 0,015 2732 0.92 9 L 299 - 2900 ~CHy~CHp~ (unspecified)
‘ ' 2967 =~ 287h ~CHy~CHp~ gtretching (asym)
2898 - 2810 ~CHywClHo~ stretching (symm)
2890 - 2633 ~CHy=GCHy= scissors (sym.)
2820 - 2760 nN—-Cﬁzn stretching
2700 - 2480 ~NH3 (unspecified)
2 6.56 + 0,012 152h 0,36 L 6 6405 ~ 6,65 1650 - 1550 ~NH, (sec.) deformation
1620 ~ 1560 ~NH,*- deformation
3 6.89 + 0,010 51 0.57 7 3 6.81 - T 11 1480 - 1420 scissors (symm.)
6.96 + 0.008 137 0,72 8 6 1460 ~ 1430 ~N-CHy~ deformation
7.18 + 0,008 1393 0.7 8 b 133 ~ 1375 -0H (sec.) rocking def,
7.39 + 0,015 1353 03 9 L 1397 - 1351 ~CH,~CHy~ (ungpecified)
1350 - 1260 ~OH (pri. , 8ec,) deformation
=C~0 stretching
L 7.70 + 0,012 1299 0.21 1 5 T.69 = 7.71 1350 - 1260 ~0H (pri., sec.) deformation
~C~0 stretching
5 7.87 + 0,020 1271 0,22 7 3 7.86 - 8,06 1350 - 1260 ~0H (mri., sec,) deformation
8,05 + 0,012 1242 0,23 9 3 -C~0 stretching
6 8.54 + 0.045 171 0.15 L 3 8.40 - 8.57 1178 - 1000 ~OH (pri.) (unspecified)



TABIE VI, (Continued)

Band Characteristics of the Peak Maxima in the Band Band Position Lit, Positions Structuwral Group and

No. Peak Wavelength Wavenumber Abs, Type Shape (nmicrons) of Group Freq. Vibrational Mode
7 8.90 + 0,005 1124 0,38 L b 8.88 - 9,09 1125 ~ 1025 ~0H (sec.) deformation
=~C-~0 stretching
8 9,42 + 0,030 1062 0.72 7 3 9.35 =~ 10,25 1125 - 1025 «0H (sec.) deformation
9.51 + 0,023 1061 0.71 8 3 ~C-0 stretching
9.65 + 0,023 1036 0.52 8 3 1075 - 1000 ~0H (pri.) deformation
9.75 + 0,018 1026 0.56 8 5 ~C-0 stretching
10,05 + 0,020 995 0,31 9 6
9 10,62 + 0,020 9,2 0,25 1 L 10,60 ~ 10,6}
10 11,14 + 0,020 898 0.58 4 6 10,95 - 11,30 900 - 840 ~CH,,=CH,,~ (unspecified)
11 11.60 + 0,030 862 0,16 L4 3 11.57 - 11,92 900 ~ 8LO ~CH,~CHy~ (unspecified)
12 12,20 + 0,020 820 0,2 7 3 12,18 -~ 12,93 8LO ~ 790 -CH,~CHy~ (unspecified)
12.56 + 0,010 796 0,58 8 6
12.90 + 0,040 775 0.32 9 3



Band
No.

1

vy oW

2.95 + 0,022

30212 * 00078
3071 + 0.005

3.90 + 0,005
4.0 + 0,020
5.25 + 0.080
6.33 + 0.005

6066 + 0.@8
6081 +* 00005

7.16 + 0,005
7.25 + 0,005

8.28 + 0,020

3390

292
2695

256}
2475
1905
1580
1502
1397

1379
1208

0.22

1.28
0.24

0.19
0.19
1.04
0.68

0.62
0.32

0.45
0.35

0.43

TABLE VII.
THE ABSORFTION BANDS OF
2-Aninopropane hydrochloride

Characteristics of the Peak Maxima in the Band = Band Fosition
Peak Wavelength WVavenumber Abs, Type Shape

(microns)

1 S 2092 - 2098
7 L 3.25 = 3.72
9 5

1 5 3089 - 3.91
1 3 hoOB - ,-‘005
b 3 L.90 - 5.35
h 6 6002 - 6-!{8
7 6 6.62 - 6.86
9 5

7 6 ?-15 - 7026
9 6

1 h 8‘27 - 8'29

Lit. Fositions
of Group Freq.

3500 - 3300

2994 - 2899
2967 - 2674
2890 - 2833
2857 - 2800
2700 - 280

2700 - 2480
2700 - 2480
2050 - 1800
162 - 1625
1572 ~ 1493
1650 ~ 1590

1479 - 1420

1397 - 1364

1375 - 1345
1220 - 1020

Structural Group and
Vibrational Hode

«K-H (pri.) stretching (asy)
~H-H {pri.) stretching (asy)

)oCH=- stretching (asy)
(0‘13 )oCH=- stretching (sym)
13)263- stretching (asy)
)oCH« stretching (sym)
3+ (unapecified)
~-NH3* (unspecified)
~NH 4+ {unspecified)
~RH3* (unspecified)
~NH3* (unspecified)
ot (nnspecifi.ed)
HHB (pri.) daformation
(023)23}1- sclassors (asy)
(CH3)oCH~- scissors (sym)
(CH3)ZCH- scissors (sym)

~C~H (unspecified)



Band
No.
10

11

13

Characteristics of the Peak Maxima in the Band

Peak Wavelength Wavenumber Abs,.

10.11 + 0,012

10,66 + 0,018
10,76 + 0,025

12.52 + 0,020

1156

989

938
929

799

0.L0

0.2h

0.14
0.13

0.13

Type Shape
1 6
b L
7 3
9 3
1 3

TABLE VII,

(CONTINUED)
Band Position
(microns)
8.6l == 8,66
9.90 - 10030

10 oéh - 10.78

12.59 - 1205h

Lit. Positions
of Group Freq.

1200 = 1150
1155 - 1100

995
980 - 908

980 - 908

840 - 790

Structural Group and
Vibrational Mode

(033)20H- skeletal scissors
(CHB)ZCH- skeletal scissors

=N=CH stretching (sym)
(CHB )oCH= skeletal deformatiol

(CH3)oCH- skeletal deformatios

(CHB)ZCH- skeletal deformatio



Band
Yo,

1

2.97 +» 00025

3.40 + 0,050
3.63 + 0,030
h023 + 00035

5.03 + 0.075
6.37 +* 0.025

6o82 » 0.023

) 6093 +* 00020

7.16 « 0,020

3367

2941
2755
236,

1588
1570

1466
1443

1397

0.36

1.8
0.28

0.16
0.52

0.56
0.68

0.78

L

0 o-3

N -

TABLE VIII.

TRE ABSORPIION BANDS OF
2,83=-Dimethyl-3,7-diaza~5-nonanol dihydrochloride

6

(VI J g —g

Av LRV

Characteristics of the Peal Haxima in the Band Band Fosition
Feak Wavelength Wavenumber Abs. Type Shape

{microns)
2033 - 2 . 99

3025 - h026

ho95 - 5'11
6.02 - 6.67

6.78 - 6095

?rlh - 7033

Lit, Positions
of Croup Freq.

3650 - 3L96
3500 - 3300

384 - 3476

3200-- 2955
299 - 2899
2967 - 2874
2650 - 2833
2857 - 2800
2700 - 24,80

2050 - 1800

1650 = 1550
162 - 1525
1620 = 1560
1572 - 1493

1477 - 1420
1433 - 1300

1397 - 1364
1375 - 1345

Structural Oroup and
Vibrational Mode

«0-H (gec.) atretching gaay)
~N-0 (sec.) stretching )
~Hefl (sec. g stretehing (symg
0=} (ssc.) stretching (sym

-R'i *~ (onspecified)

GR ) CH- stretching (asy)
HB) 2CH~ stretching (sym)
CﬁB CHe stretching (asy)

)oCH- stretching (sym)
Nﬂi - (unapecified)

~HHy* (unspecified)

«~EH~ (s0c.) deformation

-EH2~(sec.) (unspecified)
-HH,"(sec.) (unspecified)
«NH,-(sec.) (unapecified)

(cH,),Cl~ scissors (asy)
-OB (sec.) rocking def.

CH4),CH- scissors (sym)
(0113)203- scissors (sym)



TABLE VIII. (Continued)
Band Characteristics of the Peak Maxima in the Band Band Position Lit, Positions Structural Group and
Ho. Feak Wavelength Wavenumber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
? 7.63 +* 00025 1311 0'35 h 3 7050 - ?065 1350 w 126‘0 =0H (5930) dﬁformation
-C-) stretching
1345 - 1321 (CHB)EGH- bending
8 7.82 + 0,023 1279 0.29 1 3 7.80 -~ 7.84 1350 - 1260 ~0H (sec.) defarmation
«(-0 stretching
9 8.05 + 0.0L40 1242 0.26 L 3 8.01 - 8.12
10 8.58 + 0,020 1166 0.h8 7 5 8.56 - 8,76 1200 - 1150 (GH3)2CH- skeletal scissors
8.75 + 0.013 1143 0.y 9 5 116h - 1052 ~0H"(gec.) (unspecified)
1155 - 1100 (CH3),CH~ skeletal scissors
1150 - 1085 ~lH~ {sec,) (unspecified)
11 9.23 + 0,018 1083 0.9 7 6 9,21 -~ 9.60 1164 - 1052 -0H (sec.) (unspecified)
1155 - 1100 (CH;),CH~ skelstal scissors
1150 - 1085 -HH-B» (sec.) (unspecified)
1125 - 1628 -0H (sec.) deformation
12 9.96 + 0,032 1006 o042 L L 9.93 = 10.08 1000 ~C-C~ stretching
13 10.53 + 0.038 950 0.23 7 3 10.49 ~ 10.83 980 - 908 (&13)2611- skeletal deformatiol
10.72 + 0.030 933 0.26 9 3
1 11.03 + 0.028 907 0.27 1 L 11.05 - 11.11 980 - 908 (61'13)2@- skeletal deformatio
15 11.99 + 0.023 83 o34 7 & 11.97 - 12.49 840 - 750 (CH,)oCH~ skeletal deformatiol
12,29 + 0.025 81is 0,39 9 6



TABLE IX.
THE ABSORFTION BARDS OF

2-Aunino-l-propanol - hydrochloride

Band Characteristics of the PReak HMaxima in the Band Band FPogition Lit, Positions Structural Group and

No. Feak Wavelength Wavenumber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
1 3.10 + 0.043 3226 101 7 & 3.00 = b5 3650 - 2500 -0-H stretching
3.45 + 0.050 2699 1.5 8 L 3500 -~ 3300 «N-H (pri.) stretching (asy)
5.08 + 0.020 2451 0.23 9 3 -N-H (pri.) stretching (aym)
3200 - 2955 ~NH+* (unspecified)
299, -~ 2899 (cr? }oCH= stretching (asy)
2967 - 2874 (CH%)Z‘CH- stretching (sym)
2890 - 2833 (CH3),CH~ stretching (asy)
2857 ~ 2800 (CH3)3CH- stretching (sym)
2700 - 21,80 -NH;*"  (unspecified)
2 5.13 + 0,070 1949 0,15 1 4 5.00 = 5.25 2050 - 1800 -NH3*  (unspecified)
1642 - 1625 ~RH ¢ (unspecified)
1572 - 1493 ~RH3* (unspecified)
ls 6.75 + 0,038 1481 0.61 & 3 6,60 ~ 6.9 1572 - 1493 ~Ni,* (unspecified)
1480 - 1420 (cms )oCH- scissors (asy)
1466 - 100 ‘OHB(E-:L.) (unspecified)
S 7.24 ¢ 0,013 1361 040 b 6 7.18 = 7.50 1400 - 1300 «0H (pri.) rocking def.
1397 - 136} écﬂ )oCH-  scissors {s:m)
1375 - 1345 }oCH- scissors (sym)
1350 - 1260 -083 (pri.) deformation
«0-0 stretehi
| 1345 - 1321 (cAl,), CH- (~C-H) bending
6 7.96 + 0.073 1256 0.18 1 3 7.85 - 8,15 1350 - 1260 -0R (pri.) deformation

1305 - 1275 (gﬁg)zﬁatf"f 033-5 wagging



Band
Ho.

7

10

T 8.41 + 0,030

9.04 + 0,033

9. 55 + 0,050

11.03 + 0,050
12.33 + 0,083

1189

1106

1047

E g

0.27

0.27

0.83

0.17
0.13

1l

TABLE IX.

Characteristics of the Peak Maxima in the Band
Peak Wavelength Wavenumber Abs. Type Shape

3

(Continued)

Band Fosition
{microns)

8.26 - 8.52

8.85 - 9015

90’15 - 10025

10.% - 11.08
12'20 - 12.59

Lit. Positions
of Group Freq.

1220 -~ 1020
1200 - 1180
1200 - 1150
1178 - 1000

1220 - 1020
1178 - 1000
1155 - 1100
1140 « 1130
1075 « 1000

1038 - 1022
1000

980 - 908
80 - 790

Structural Group and
Vibrational Mode

«C-H (unspecified)

CHy= twisting

( I3)20ii- skeletal scissors
-0H (pri.) (unspecified)

«C~-N (unspecified)

-0H (pri.) (unspecified)
(85!3)265- skeletal scissors
CH5= rocking deformation

-0H (pri.) (unspecified)

«~C=0 stretching

X=C (pri.)

«C«C stratching

(CH3),CH- skeletal deformatior

(CH"B’)a&!- skelstal deformatiox{



Band
Ho.

TABLE X. (Continued)
Characteristics of the Peak Maxima in the Band Band Position Lit. Positions Structural Group and
Peak Wavelength Wavenumber Abs. Type Shape {microns) of Group Freq. Vibrational Mode
7.83 « 0,018 1277 0.36 17 3 7.80 - 8.00 1350 - 1260 ~0H (pri. & sec.) deformation
T.91 + 0,013 1264 0.38 9 3 «C=0 gtratching
1305 - 1275 -CHy~ wagging deformation
8.76 + 0.015 12 o0 7 3 8.66 - 10.18 1200 - 1150 (CH3),CH- skeletal scissors
9.05 + 0.033 1105 0.h9 8 4 1178 -~ 1000 -OKB(pri..) (mspecified)
9.54 + 0,020 1048 1.22 8 h 116y - 1052 =~0R (sec.) {unapecified)
10.04 + 0.025 996 0.57 9 L 1155 - 1100 (CH4),CH- skeletal scissors
1150 - 1088 -RQHB %sec.) (unspecified)
1140 - 1130 CH~ rocking deformation
1125 - 1025 -Oa (sec.) deformation
1119 - 1105 ~0H (sec.) deformation
\ -C-0 stretching
1075 - 1000 -0 (pri.) deformation
~C-0 stretching
980 - 908 (CH3)oCH- skeletal deformation
11.00 + 0,050 %09 0,29 7 3 10.90 ~ 11.25 960 - 908 (cH,),CH- skeletal deformation
12.18 + 0,053 821 0.34 7 3 11.90 -~ 12,53 840 - 790 (CHB)ZGH' skelstal deformation
12,37 + 0.035 808 0.37 9 k



Band
No.

1-

3.05 + 0,045
3.34 + 0,050

5,16 + 0,125
60 32 + 00020

6073 + 00025

7.30 + 0,040

T.92 + 0.025

8.24 + 0,025

3279
2994

1938

1582 -

1486

1370

1263

121}

1.60
1.60

0.1k
0.55

0.80

0.32

0.25 -

0.2

TABLE IXT.
THE ABSORPTION BANDS OF

2~-Amino-1,3~propanediol hydrochloride

Characteristics of the Peak Maxima in the Band
Peak Wavelength Wavenumber Abs, Type Shape

7
9

Band Position

(microns)

N 2,97 - 4.07
b
h SoOh hand 5;28

6,10 - 6,50
6 6058 - 6.8h
3 7.12 - 7.34
3 7092 - 7.9h
3 8,22 - 8,440

Lit. Positions
of Group Freq.

3650 ~ 2500
3500 - 3300

3200 ~ 2955
299L ~ 2899
2967 - 287hL
2890 - 2833
2857 - 2800

2050 ~ 1800

1650 - 1590
1642 -~ 1525
1572 -~ 1493

16h2 ~ 1525
1572 - 1493
1477 ~ 1h20
1466 ~ 14,00

1433 - 1300
1397 - 1364
1375 - 1345

1350 - 1260

1220 - 1020
1200 - 1138
1200 -~ 11

Structural Group and
Vibrational Mode

~0-H (pri.) stretching

-N-H (pri.) stretching (asy)
-N-H (pri.) stretching (sym)
~NH.+ (unspeéified)
(CH3)20H- stretching (asy)
(CH%)ZCH’-. stretching (sym)
(CH3),CH~ stretching (asy)
(Olg)zcﬂ- stretching (sym)

~NH3* (unspecified)
—NHZ deformation

-NH * (unspecified)
-NH3* (unspecified)
(unspecified)

~NH*

—NH3+ (unspecified)
(CHB)ZCH- scissors (asy)
~0§3(pri.) (unspecified)

~0H (pri.) rocking deformation

CH4)5CH= i
(Galet setoaore (o)

~0H (pri,) deformation
~C=0 stretching

~C-N (unspecified)
~CHo~ twisting deformation
(CH3 oCH~ skeletal scissors



No.

Characteristics of the Ieak Haxima in the Band
Peak Wavelength Wavenumber Abs,

9.20 + 0,045 1087 0.h2
9.59 + 0.078 1043 1.08
11.00 +* 0-125 909 0017
12-2h * 0-150 81? Oon‘

TABLE XI, (Continued)

Band Position
Type Shape (microns)
7 3 8.75 - 10026
9 L
1 3 10.88 - 11,12
2 12,09 - 12,39

Lit. Positiona
of Group Freq.

1178 ~ 1000
1155 - 1100
1075 - 1000
1043 - 1037
1000
980 ~ 908
980 ~ 908

840 -~ 790

Structural Jroup ami
Vibrational Mode

-0R (mri.) (unspecified)
(CH3),CH- skeletal scissors

- 33(1:!-1.) deformation

«G=0 stretching

=GN stretching

=G-C stretching

(633)208- skelatal deformation

((333)2&{- gkeletal deformation
(653)263- skoletal deformation



TABLE XII.
THE ABSCRPTION BANDS OF
3-Aza-b=chloro-2-hydroxyrmethyl-~1, 5-hexanediol hydrochloride

Band Characteristics of the Iegk Hawima in the Band Band Position Lit, Fositions Structural Croup and
No. Peak Wavelength Wavemmwber 4ibs. Type Shape (nicrons) of Oroup Freq. Vibrational Mode
1 3.00 + 0,050 3333 g.02 7 L 2.92 - 4.9 3650 - 2500 ~0-f (pri. & sec.) stretching
3.36 + 0.025 2976 0.58 9 5 3500 - 3300 ~H-H (gsc.) stretching Easy)
-ﬁ-ﬂ (ssc.) stretching (sym)
3200 - 2955 Y« (gec.) (mspecified)
299 - 2899 JoCH- stretching (asy
2952 - 287h ("HB) CH- stretching (sym
2890 - 2833 ( ) CH~ stretching (asy)
2057 - 2800 (C ) CH- stretching (sym)
2700 - 2L50 ﬁ'ﬂg - (vaspecified)
2050 - 1800 ~RHo*- (unspseified)
2 6.26 + 0,050 1597 0.28 L 4 6,02 - 6,143 1650 - 1550 -HH- (sec.) deformation
' 1620 - 1560 -NH,*- deformation
1572 - 1493 ~HH,+= deformation
3 6.82 + 00020 1&% 0-1‘2 7 5 6058 - 8'&7 1572 - 2.1393 - P dﬁfmtmﬂ
6087 + 0,020 11153 le 8 5 lh?? b 1}32{) (CH )I‘Cﬁ" scissors (asy)
7.05 + 0,125 U8 0.0 9 3 1466 - 1400 «OH (pri..) deformation
1433 - 1300 -0H (sec.) rocking deformation
1397 - 1364 GII )oCH= sclasors (sym)
1375 - 1345 ) CH- scissors (sym)
1350 - 1260 -0ﬂ3 (pri. & sec.) deformation
«Ce0 gtre
135 - 1321 (CH3)5CH- (-C~H) bending def,
1305 - 1275 wagging deformation
1220 - 1020 -{:-ﬁ (wmspecified)
1200 - 1180 CHy~ twisting deformation
1200 - 1150 (CB )oCH- skeletal scissors
1191 - 171 (H; stretching (asy)



Band
Ho.

L

5

Peak Wavelength Wavenumber Abs,

9.54 + 0,063

11.37 + 0.050

: 10438

880

0.62

0.2h

TABLE XIX.

Type Shape
4 6
1 3

(Continued)

Characteristics of the Peak Maxima in the Band Band Position

(microns)

8.50 - 10,35

110314 - llaho

Lit, Positions
of Group Freq.

1220 - 1020
1191 - 1171
1178 - 1000
116k - 1052
1155 - 1100
1125 - 1025
1119 - 1105

1075 - 1000
1038 - 1022
1000
980 - 908

980 - 908

Structural Group and
Vibrational Mode

«C=N (unspecified)

-C=-N stretching (asy)

<08 (pri.) (unspecified)

-{)H (sec.) (unspecified)

) CH~ skeletal scissors

Hs(sec. ) deformation

~0H (sec.) deformation

-0=0 stretching

~0H (pri.) deformation

-C=0 stretching

-C=N stretching

«C=C gtretching

(CH3)20H- skeletal deformation

(CH3),Cli~ skeletal deformation



TABLE XIII.
THE ABSORPTION BANDS OF
2=-Amino-2-methylpropane hydrochloride

Band Characteristics of the Peak Maxima in the Band Band Position Lit. Positions Structural Group and
Ho. Peak Wavelength Wavenumber Abs, Type Shape (microns) of Group Freq. Vibrational Mode
1 2.93 + 0,023 3la3 0,33 1 L 2.91 - 2,95 3500 - 3300 -N-H (pri.) stretching (asy)
=NeH (pri.) stretching (sym)
2 3.4h + 0,050 2907 1.60 7 h 3.12 - 3.71 3200 - 2955 * (unspecified)
3.55 + 0.005 2817 o0.17 8 8 2985 - 2850 (ca3) C- stretching (asy)
3.70 + 0,005 2703 o1 9 5 2967 - 2874 (cH ) C- stretching (sym)
2890 - 2825 0113 c- stretching (asy)
2700 - 2480 (pri.) (unspecified)
3.86 + 0.005 2591 0.3 1 6 3.85 = 3.87 2700 - 2480 * (pri.) (unspecified)
k 1,02 + 0,005 21,88 0.3 1 6 L.01L - 4.03 2700 - 2480 -RHj* (pri.) (unspecified)
L.91 + 0.008 2037 0.58 7 6 482 - 5.14 2050 « 1800 -NH3+ (pri.) (unspecified)
5.13 + 0,010 1949 0.18 9 3
6 6.23 + 0.005 1605 0.3k &4 6 5.75 = 6.2 1650 - 1590 - deformation
1642 - 1625 -NH4 {pri.) (unspecified)
7 6.66 + 0,008 1502 0.l0 7 6 6,65 = 6,82 1572 - 1493 ~NH,* (rri.) (unspecified)
6.77 + 0.013 1480 0.25 9 3 77 - 1420 GH3 )30- scissora (asy)
8 7.02 + 0,038 25 017 1 3 6.98 - 7.06 1477 - 1420 (033)30- scissors (asy)
9 7.15 + 0,005 1399 0.52 7 6 7.1k = 7.30 1397 - 1364 )3C~ scissors (sym)
7.29+0008 1372 o062 9 6 1375 - 1348 n3)3c. scissors (sym)



Band
Ho.

10

11

13

15

TABLE XITI. (Continued)

Characteristics of the PFeak Maxims in the Band Band Fogition Lit. Positions

Peak Wavelength Wavenurber Abs. Type Shape {microns) of Group Freq.
7.72 + 0,005 1295 0.47 1 6 T.7L = 7.73 1305 - 1275
8.26 + 0,020 1211 0.51 & L 8.2h - 8.60 1250 - 1200

1220 - 1020
1200 - 1180
10.14 + 0,033 986 0,10 1 3 10.10 - 10,18

10,72 + 0.025 933 0,09 1 3 10.70 = 10.7h 950 - 860

11.36 + 0.058 880 0.11 1 2 11,33 - 11.79 950 - 860

13.71 + 0.073 729 0.09 1 3 13.63 - 13.69

Structural Group and
Vibrational Mode

~CHy- wagging deformation
(cH )36- skaletal scissors
o1

(unspecified)
Cﬁé- twisting deformation

(CH3)36- skeletal deformation
(833)30- skeletal deformation



TABLE YIV.

THE ABSORPFION BANDS OF
2,2,8,8-Tetramethyl-3,7-diaza-1,5,9-nonanetriol dihydrochloride
Structural Group and

Bahd Characteristics of the Peak Maxima in the Band Band Position Lit. Positions

No. Peak Wavelength Vavenumber Lbs, Type Shape (;aicrons) of G;'oup E;'eq. Vibrational Mode N
1 3.04 + 0,013 3289 0.80 1 6 3,03 - 3.05 3600 ~ 2500 -0~H (sec.) stretching
3500 - 3300 -N-H (sec.) stretching (asy)
- N ' o | ~H-H (sec.) stretching (sym)
2 3.37 + 0,030 2967 1.50 7 3 3.34 - 3.56 3200 - 2955 ~NHy*+~ (sec.) (unspecified)
3.L45 + 0,020 2899 .40 9 3 2985 - 2890 (CH3) 10~ stretching (asy)
2967 - 287L (CH3)3C~ stretching (sym)
2890 - 2825 (CH§)30~ stretching (as_y)v
3 3.76 + 0,008 2660 0.58 7 5 3.71 - L.32 2700 - 2480 ~NH,*~ (sec.) (unspecified) -
3.86 + 0.005 2591 0.58 8 5
h.02 + 0,008 2488 030 9 5 | o - | -
I L.92 + 0,010 2033 0.26 7 6 1.80 - 5,1k 2050 - 1800 -HH,+~ (sec.) (unspecified)
5.12 + 0,015 195 o 9 5
5 6.25 + 0,008 1603 0.26 T 6 6.02 - 6.1 1650 ~ 1550 ~-NH- (sec.) deformation
6.36 + 0,020 1572 0,20 9 3 16L2 -~ 1560 ~NHy*~ (sec,) deformation
1572 - 1493 ~NH,+~ (sec.)(unspecified)
6 6.66 + 0,008 1502 0.3 7 5 6,61 ~ 6.86 1572 - 1493 ~NH,_*~ (sec.)(unspecified)
6,76 + 0,018 1479 0.h2 9 6 1477 - 1420 (CH§)BG- scissors (asy)
7 7.02 + 0,038 125 0,33 1 L 6.98 - 7.06 77 ~ 1420 (CHB) C- scissors (asy)
1433 - 1378 ~on3(dec.) (unspecified)
1433 - 1300 ~0H (sec.) rocking deformatior
8 7.1 + 0,010 101 0.53 1 6 7.13 - 7.15 1433 - 1300 ~OH (sec.) rocking deformatior
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TABIE XIV. (Continued)
Band Characteristics of the Peak Maxima in the Band Band Fosition Lit, Positions Structural Group and
No. Peak Wavelength Wavenumber Abs, Type Shape (microns) of Group Freq. Vibrational Mode
9 7.27 + 0,020 1376 0.62 1 6 7425 = T7.29 1397 - 136l ) C~- scissors (sym)
1375 - 1345 H3)30- scissors (sym)
10 7.57 + 0,010 1321 0.31 L '3 7453 = 7,58 1350 - 1260 -0H (sec.) deformation
~C~0 stretching
11 7.72 + 0,008 1295 0,35 1 6 771 = 7.73 1350 - 1260 ~0H (sec.) deformation
=C-0 stretching
12 T.93 + 0,025 1261 0.22 7 3 7.91 ~ 8,06 1350 - 1260 -0H (sec.,) deformation
8.04 + 0,015 124 0.22 9 3 ~C-0 stretching
1275 - 1225 (033)30- gkeletal scissors
8,28 + 0,040 = 1208 0.h2 7 3 8.2L - 8.45 1220 - 1175 (cH )30- skeletal scissors
8.4l + 0,010 1185 0,53 9 6 1220 - 1020 -C~- (unspecified)
1 8.82 + 0,010 1134 0,86 L 6 8.81 ~ 8,99 116} - 1052 ~OH (sec.) (unspecified)
1150 -~ 1085 ~NH~ (sec.) (unspedified)
1140 ~ 1130 CHa~ rocking deformation
1125 -~ 1025 : (sec,) deformation
15 9.2l4 + 0,025 1082 0.30 b 5 9.22 ~ 9,79 1164 ~ 1052 -0H (sec.) (unspecified)
1125 - 1025 ~0H (sec,) deformation
1038 - 1022 ~-C-N stretching
16 10,12 + 0,050 988 0.18 1 L 10,07 ~ 10,17
17 10,56 + 0,043 T 0,19 1 N 10,52 - 10,60 950 - 860 (CH3)3C- skeletal deformation
18 12,18 + 0,035 821 0,16 1 L 12,1 ~ 12,22



TABLE XV.
THE ABSORPTION BANDS OF
2-Amino~2-methyl-l-propanol hydrochloride

Band Characteristics of the Peak Maxima in the Band Band Position Lit. Positions Structural Group and
¥No, Peak Wavelength Wavenumber Abs, Type Shape (microns) of Group Freq. Vibrational Mode
1 2.88 + 0,025 3472 1.08 7 3 2,85 - h.29 3700 -~ 3L96 ~0-H (pri.) stretching (asy)
2.96 + 0,020 3378 1.09 8 3 3650 - 2500 -0-H (pri.) stretching
3.34 + 0,075 2994 1.80 8 I 3500 -~ 3300 ~N-H (pri.) stretching (asy)
3.72 + 0,030 2688 0.33 8 3 ~N-H (pri.) stretching (sym)
3.88 + 0,028 2577 0.37 9 L 3200 - 2955 ~NH 3+ (pri.) (unspecified)
2985 - 28%0 (GHB)BC- stretching (asy)
2967 - 2874 (GH3)3 stretching (sym)
2890 -~ 2825 ( ) C~ stretching (asy)
2700 - 21480 3+ (rri.) (unspecified)
2 4.93 + 0,023 2028 0.33 L 6 h.91 - 5,15 2050 -~ 1800 ~NH3* (unspecified)
3 6.19 + 0,005 1616 0.66 7 5 6,02 - 6,39 1650 ~ 1590 ~NHy (pri.) deformation
6.2l + 0,005 1603 0.64 8 5 1642 - 1525 -NH3+ (pri.) (unspecified)
6.28 + 0,005 1592 0.48 9 3 1572 - 1493 - f(mL)hmmﬁﬁw)
L 6.70 + 0,005 1493 1,00 4 5 6.58 ~ 6.87 1572 - 1493 -HH3+ (pri.) (unspecified)
1477 -~ 1h20 ) C~ scissors deformation
1466 - 1400 n3(pr1.) (unspeci fied)
5 7.13 + 0.018 1402 0.79 7 l T.11 = 7.27 1466 - 1400 ~0H (pri.) (unspecified)
7.26 + 0,008 1377 0.66 9 6 1433 -~ 1300 ~0H (pri.) rocking deformation
1397 ~ 136l (cH3)3c- scissors def. (sym)
6 7.62 + 0,025 1312 0.30 1 L 7.60 ~—T.6l4 1350 - 1260 ~0H (pri.) deformation

~C~0 stretching



TABIE XV. (Continued)

Band Characteristics of the Peak Maxima in the Band Band Position

No. Peak Wavelength Wavenumber Abs. Type Shape (microns)
7 7.81 + 0,018 1280 0.56 1 6 7.80 - 7.82
8 8.07 + 0,020 1239 0.l 1 6 8.05 - 8.09
9 8.57 + 0,025 1167 0.5, 1 N 8.55 -~ 8.59
9.6 + 0,008 1057 0.96 8 6
9.66 + 0,015 1053 1.12 9 6
11 10.5h + 0.020 9&9 0,28 L L 10,40 - 10,56
12 10.94 + 0,013 91k 0.32 1 6 10.93 ~ 10,95
13 11.27 + 0.070 887 0.16 1 2 11,20 - 11.35
M1 13.48 + 0.053 Th2 0.15 L 3 13.36 - 13.53

Lit, Positions
of Group Freq.

1350 - 1260
1275 - 1225
1275 - 1200
1220 ~ 1020
1178 - 1000
1220 - 1020
1178 - 1000
1075 - 1000
950 ~ 860
950 - 860
950 - 860

Structural Group and
Vibrational Mode

~0H (pri.) deformation
~C=0 stretching
(CHB) 30- skeletal scissors

(CHB) 30- skeletal scissors

~C~N (unspecified)
~0H (pri,) (unspecified)

~C-N (unspecified)
-0H (pri.) (unspecifiaed)
~0H (pri.) deformation

- =C-0 stretching

(CHB)BC- skeletal deformation
(CHB )30- skeletal deformation

(CHB) 36~ skeletal deformation



TABLE XVI.
THZ ABSORFIION BANDS OF
2,2,8,8-Tetramethyl-3, T-diaza-1,5,9-nonanstriol dihydrochloride

Band Characteristics of ths Peak Maxima in the Band Band Position Lit. Fcsitions Structural Group and

No. Peak Wavelength Wavenumber Abs. Type Shape (microns) of Group Preq. Vibrational Moda
1 3.00 + 0.040 3333 1.0 4 kL 2.93 - 3.05 3600 - 2500 -0-H (pri. & sec.) stretching
3500 - 3300 ~N-H (sec.) stretching (asy)
~H-H {scc.) stretching (sym)
2 3.36 + 0,043 29716 1,05 7 3 3.2l = 1,.83 3200 - 2555 -HHp*~ (sec.)(unspecified)
3.57 + 0.030 2801 1.09 9 3 2985 - 2390 (CH3)4C- stretching (asy)
2957 - 287L (683 )3C- stretching (sym)
2850 - 2625 (GH})30- stretehing (asy)
2855 -CHa= scissors (sym)
2700 - 2480 -!*3’2{2"’- scissors
3 6.18 + 0,050 1618 0.1 L 3 6,02 - 6.25 1650 - 1550 ~NH- (3ec.) deformation
1645 - 1560 ~NHs*- (sec.) deformation
L 6.48 + 0.023 1543 0.62 L b 6.32 = 6.62 1650 « 1550 ~§H~ (sec.) deformation
' 1642 - 1550 ~HHo*~ (sec.) deformation
1572 - 1193 HHig¥= {sec.) (mapecified)
5 6.75 + 0.023 181 0.3 7 3 6.73 - 6.9, 1480 - 1420 ~CH,- seissors (asy)
6.92 + 0,023 LS 02 9 W77 - 120 (CH3)40- scissors (asy)
1470 -(lgz» acissors (sym)
‘ 1466 - 1400 0" (pri.) (unspecified)
6 7.22 + 0.018 1385 0,67 L L 7.08 = 7.35 1466 - 1400 <0 (pri.) (unspecified)
kL33 - 1375 ~0H (sec.) (unspecified)
1400 - 1300 ~OR (pri. & sec.) recking def,
1397 - 1364 (CH3}C- scissers (sym)
1375 - 1345 (CH;)BG' scissors (sym)



TABIE XVI. (Continued)
Band Characteristics of the Peak Maxima in the Band Band Position Lit, Fositiona Structural Group and
No. Peak Wavelength Wavenumber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
7 7055 L 3 0.903 1321& (}033 1 5 70% - 7-56 11;00 - 1306 -0§ (mi' & 333.) mzﬂg d&fn
. 1350 « 1280 -0 (sec.) deformation
«C-0 stretching
8 7.66 + 0,025 1305 0.29 1 3 76l = T7.68 1350 « 1260 ~0H (sec.) deformation
~C=0 stretching
1308 - 1275 -CHp~ wagging deformation
9 T.82 « 0,013 1279 0.36 1 3 7.81 = 7.89 1350 - 1260 =0H {sec.) deformation
7.88 + 0,008 1269 0.35 9 3 -C-0 stretching
1305 - 1275 -ng- wagging deformation
1275 - 1225 (CH4)4C~- skelotal scissars
1250 - 1200 CH';)BC- skelstal scissors
10 8.27 + 0.043 1209 035 1 2 8.23 - 8.31 1220 - 1175 (CH;)30- skeletal scissars
1220 - 1020 oA (unspecified)
1 8.7 + 0.015 ML 038 L 5 845 - 8.59 - 1220 - 1175 (CR,) 50 skeletal scissors
| 1220 - 1020 -c-# 2 (unspecified)
1200 - 1180 -»ng— deformation
1178 - 1000 ) (pri.) (unspecified)
12 9.05 + 0.010 105 0.0 1 6 9,04 - 9.06 1220 - 1020 -~ (unspecified)
1178 - 1000 iy {mi.) (unspecified)
116} - 1052 ~0H  (sec.) (unspecified)
1150 = 1085 «NH- (sec.) (unspecified)
1125 - 1025 -0H (sec,.) deformation

-C-0 stretching



TABLE XVI. (Continued)

Band Characteristics of tho Pealk Haxima in the Band Band Fosition

Ho.
13

15
16
17

Peak Wavelength Wavenumber Abs. Type Shape (microns)
9.15 + 0,040 1058 1,20 7 i 9.38 = 10.2L
9.8 + 0.020 1016 0.38 8 3

10.22 » 0.020 978 0032 9 3

n.W » 0.023 %3 0.30 h h 1{}‘85 - 11.39

11,40 + 0,100 877 0,16 1 2 11.30 - 11.55

12.33 » 0,038 811 0.33 b L 12,29 - 12,55

13.23 + 0.033 756 0.13 L 3 13.00 - 13.35

Lit, Fositions
of Group Fmmq.

1220 - 1020
1178 ~ 1000
116l - 1052
1125 - 1025
950 - 860

950 - 880

Structwral Group and
Vibrational Mode

~C-N (mmspecified)

=01 (pri.) (unspecified)
=0H (sec.) (mspecified)
=00 (sec.) deformation
«G=0 atretching

(CHB) 30~ skeletal deformation
(GHB) 3c- skeletal deformation



TABLE XVII,
THE ABSORFTION BANDS OF
‘2=Amino=2-methyl~-l, 3-propanediol hydrochloride

Band Characteristics of the Reak Maxima in the Band Band Position Lit. Positions Structural Group and
No. Peak Wavelength Wavenumber Abs. Type Shaps (microns) of Group Freq. Vibrational Mode
1l 2,93 + 0,065 33 1.20 7 3 2.82 - 11,26 3700 - 3496 <0=H (pri.) stretching (asy)
3.27 + 0,032 3058 1.60 8 3 3650 = 2500 -0-H (pri.) stretching
3.28 + 0,038 2577 0.2 9 3 3500 -« 3300 N-H (pri,) stretching (asy)
_ ~N-H (pri.) stretching (sym)
3200 - 2955 ~NH,*+ (pri.) (unspecified)
2985 - 2890 Gﬁg)Bc- stretching (asy)
2967 - 207h (cH )30- stretching (sym)
2890 - 2825 (0333230- stretching (asy)
2700 - 2480 - (pri.) (unspecified)
2 5.08 + 0.040 1969 017 L hoTh ~ 5.12 2050 - 1800 -Nﬂg"’ (pri.) (unspecified)
3 6.2 + 0,015 1603 0.62 I 6.0l - 6,30 1650 =~ 1590 -HH2 (ri.) deformation
T 1642 - 1560 -2\’1{3‘* deformation
N 6,68 + 0,025 97 0.78 4 3 6,56 = 6,82 1572 - 1493 ~NHy* (unspecified)
, W77 - 1420 (cH )3(3- scissors (asy)
1066 ~ 1400 ~0(pri.) (unspecified)
5 7.14 + 0,038 1501 016 b L 7.10 = 7,21 1466 - 11,00 ~0H (pri.) (unspecified)
1400 « 1300 «0H (mri.) > . rocking def.
1397 - 1364 (CH3) 30~ scissors (sym)
6 7.63 + 0.025 1311 0.30 L 3 7.53 = 7.72 1350 - 1260 ~0H (pri.) deformation

«C=0 stretching



Band
No.

10

12

Characteristics of the Peak Maxima in the Band

Peak Wavelength Wavenumber Abs,

8.06 +» 0.038
8.26 + 0,028

8082 + 00033

9-311» + 00015
947 + 0,043
9.75 + 0,020
10.41 + 0.050
10,95 + 0,050

13.38 + 0.175

121
1211

113}

1071
1056
1026
961
913

7h7

0.28
0.26

0.30

0.13
0.13
0.82
0.18
0.18

0.15

TABLE XVII.

Type Shape
7 3
g 3
L L
7 3
8 3
9 5
1 3
1 3
1 2

Band Position
(microns)

8.02 hend 8.35

8.72 -~ 8.85

9.19 - 9079

10.36 ~ 10.L6

10,90 ~ 11,00
13.20 - 13.56

(Continued)

Lit. Positions
of Group Freq,

1275 - 1225
1220 - 1175
1220 - 1020
1200 - 1180
1220 -~ 1020
1178 - 1000
1150 - 1080
1220 - 1020
1075 - 1000
950 - 860

Structural Group and
Vibrational Mode

(CH C- skeletal scissors

) C~ skeletal scissors
?J (unspecified)

“CHZ' twisting deformation

~C-N  (unspecified)
~OH (pri ) (unspecified)
-NH3 (unspecified)

-C-N  (unspecified)

~0H (pri.) deformation
-C-0 stretching

(CHB)BC° skeletal deformation



Band
Ro.

1l

TABLE XVIII.
TRE ABSORFTION BANDS OF

2,8-Bis(hydroxymethyl)-2,8-dimethyl~3,7~diasa~1,5, 9-nonanetriol dihydrochlorids

301 + 0.023

3.36 + 0.%3

3.56 « 0.035

6038 L 90920

6088 L 3.025

?'21 - 00025

7176 + Q.GSS

7.93 L ] 00038

8.h42 + 0.050

3322
2916
2809
1567
1453
1387

1289
1261

1.13
0.64
0.57

0.36

0.0

0.h2

0.23
0.23

0.26

Type Shape
T3
8 3
9 3
L 3
7 3
2 3
7 3
g 3
i &

Characteristics of the Feak Maoxipma in the Band Band Position
Peak Wavelength Wavenumber Abs,

(microns)
2.95 - h'n

6.92 o 6#56

6070 - 7062

770 = 7.97

8»37 - 8;&7

1it. Positions
of Group Freg.

3600 ~ 2500
3500 - 3300

3200 - 2955
2985 - 2890
2967 - 287h
2890 - 2825
2700 - 2480

1650 - 1550
16h2 - 1560
1572 - 1493

UL77 - 120
1166 - 14,00
1433 - 1400
1397 - 136k
1375 - 1345
1350 - 1260

13_59-1260

1305 - 1275
1275 - 1225

1220 - 1175
1220 - 1020
1200 - 1180

Structural Group and
¥ibrational Hode

-0-H {pri. & sec.) stretching

wN=H aac.; stratching (asy)

-N-H (sec.) atretching )

~HHy >~ (s8c.) (unapeeiﬂegﬂ
stre

gg; 30~ stretching (asy

(mégig: :g:tmhmg (g;)

~iH- (sec.) deformation
=K _*- deformation
- (unspecified)

(GK )30- sciasors (asy)
(rri.) (mspeciﬁed)
-03 (pri. & sec.) rocking def.
(Q!cé;)gc- acissors (m;
)3(:- scissors (sym
(pri. & sec.) def.
.f:-e stretohing

)

~OH {pri. & sec.) deformation
-C=0 atrstching

.%. wagging deformation
)3G~ gkelatal scissors

a) 30~ skeletal scissors

(mspecified)
-"Hg- twisting deformation



TABLE XVIII, (Continued)

Band Characteristics of the Peak Maxima in the Band Band Position Lit, Positions Structural Group and

No. Peak Wavelength Wavenumber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
6 9,06 +0.,025 1104 0,33 L 5 8.88 - 9,13 1220 - 1020 -C-N  (unspecified)
1178 - 1000 ~0H (pri. & sec.)(unspecified)
1150 - 1085 ~N-H (sec.) (unspecified)
1125 -~ 1025 ~0H (pri. & sec.) deformation
-C-0 stretching
7 9.52 + 0,045 1050 0.8 L 3 9.38 = 9,96 1220 - 1020 ~C-N  (umspecified)
1178 - 1000 -0H (rri &.secunspecified)
1125 - 1025 ~0H (pri. & sec.) deformation
-C~0 stretching
1038 ~ 1022 ~C-N  stretching
8 10.L4Y4 + 0,025 958 0.19 1 3 10,42 ~ 10.146
9 11.08 + 0,038 03 0,22 L L 10.86 - 11.59 950 - 860 (CH3)3C~ skeletal deformation

10 12.2L + 0.050 817 0,16 1 h 12,19 - 12,29



TABLE XIX.
THE ASSORPTION BANDS OF

2-Amino-2-hydroxymethyl-1,3-propanediol hydrochloride

Band Characteristics of the PFeak Maxima in the Band Band Position 1.it, Positions Structural Oroup and
No. Peak Wavelength Wavenumber Abs. Type Shape (microns) of Group Freq. Vibrational Mode
1 3.10 + 0.045 3226 1.70 7 L 3.00 - L.20 3650 - 2500 -0-H (pri.) stretching
3.35 + 0,050 2985 1.0 3 L 3500 - 3300 ~N-H (pri.) stretching (asy)
3.85 + 0,030 2597 0.29 9 3 -N-H (pri.) stretching (sym)

3200 - 2995 ~ﬂ}§3" {(pri.) (unspecified)
2935 - 28%0 (CH )30~ stretching (asy)
2967 - 2874 (0113 )3C~ stretching (sym)
2890 - 2625 (GBB)BC- stretching (asy)
2700 - 24,80 -NH3¢" (pri.) (unspecified)

2 L4.78 + 0,070 2092 017 k4 L.65 = 1,95 2050 - 1800 -NH3* (pri.) (unspecified)

3 6.12 + 0,008 1634 0.50 I 6 6,02 - 6,13 1650 - 1590 -HHy (pri.) deformation
1642 - 1525 ~lHq* (ri.) (unspecified)

L 6.33 + 0,020 1580  0.27 1 6.31 - 6.35 1642 - 1525 -Ni3* (unspecified)

5 6.43 + 0,005 1552 0.671 1 6 6.2 = 6.1 1642 - 1525 ~KH.* (unspecified)
1572 - 193 -NH3* (unspecified)

6 6.66 + 0,025 1502 0.28 L 3 6.60 - 6.73 1572 - 1493 -55?13" (vnspecified)

7 6,85 + 0.005 1460 0.31 &L 5 6.80 = 6.9 W77 - 1420 (¢H )3 - geissors {asy)
1466 - 1400 ) (pri.) (unspecified)

8 7.15 + 0,020 1399 030 L 3 7.13 = 7.30 1466 - 1400 -0H (pri.) (unspecified)
1433 - 1300 ~0H (pri.) rocking deformation
1397 - 1364 (CH3)4C~ - scissors (sym)
1375 - 1345 (333)30- scissors (sym)



No.

12

13

TABLE XIX,

{Continued)

Characteristics of the Feak Haxima in the Band Band Fosition
Peak Wavelength Wavenumber Abs.

7 o?h +* OcGOS

8-33 + 0.050

8.85 « 0.023

905& * 0.030
9.67 + 00018

11.07 + 0.025
11.20 + 0,038

1292

1200
1130
1048

103k

203

893

0.5k

0.26

0.30

1.05
1.30

0.15

Type Shape
1l 6
L 3
1 3
7 3
9 N
7

AVS RV

(microns)
T.73 = 7.75

3-15 - Bohs

8.83 hnd 8-87

9.118 - 90?5

11.00 - 11.35

Lit. Positiona
of Group Freq.

1350 - 1260

1250 - 1200
1220 - 1175
1220 - 1020

1220 « 1020
1178 - 1000

1220 - 1020

1178 - 1000
1075 - 1000

950 ~ 860

Structural Group and
Vibrational Mode

-0H (pri.) deformation
=C=0 stretching

(cH )30- skeletal scissors
CH3 ) C- skeletal scissors
~C=N (unspecified)

-C-§ (unspecified)
-0H (pri.) (unspecified)

-C-¥ (unspecified)

~0H (mri.) (vnspecified)
~CH (pri.) deformation
=C«0 gtretching

{ GHB ) 3!3- gskelatal deformation



Ko.

TABIE XX,
THR ABSCRFTION BANDS OF
2,2,8, 8-Tatrakis(hydroxymethyl)-3,7-d1asa~1,5, 9~nonanstriol dihydrochlaride

Characteristics of the Peak Maxima in the Band Band Fosition Lit. Fositions Structural Group and
Poak Wavelength Wavenumber Abs. Type Shape (microns) of Oroup Freq. Vibrational Mode
3.10 + 0,125 3226 1.80 L L 2.90 - L.32 3600 - 2500 =0«H (sec.) stretching
3500 - 3300 -%-H (sec.) stretching (asy;
~B-H (sec.) stretching (sym
3200 - 2955 ~HHy*~ (gec.) (unspecified)
2985 - 2890 (cn )33- stretching (asy)
Tald G i
- L= stre
2700 - 24,80 Rl (mapecifisd)
6.0 + 0,020 1563 0,86 L 6 6.02 = 6,50 1650 « 1550 -H4- (gsec.) deformation
1642 - 1560 ~fHy*~ (sec.) deformation
1572 - 1493 ~KH,*- (sec.) (unspecified)
6.85 + 0,075 1460 0.66 7 4 6,70 = 7.60 77 - 20 (CH3)30- scissors (a&y;
7.18 + 0.075 1393 0.68 9 L W66 - 1400 “on°(fri.) (unspecified
: 1433 - 1300 -0 (sec.) rocking deformation
1397 - 136k (GH3)3€:- scigsors §aym)
1375 = 1345 (CH3)3C- scissars (sym)
1350 - 1260 =00 (fri. & sec.) deformation
«C~0 gtretching
7.90 + 0,045 1266 07 7 3 7.80 = 8.35 1350 - 1260 -0 (pri. & sec.) deformation
8.25 + 0,045 1212 O3 9 3 =C=0 stretching
1275 - 1225 {cH }30- skeletal scissors
1220 « 1175 (653)30- skeletal scissors
1220 - 1020 (unspecified)



TABIE IX.

(Continued)

Band Characteristics of the Peak Maxima in the Band Band Fosition

Ro.

5

F B v o~

8»?3 » 0.038
90@& +» 0.030

328 + 02003
10.18 + 0.025
10.72 + 0,050
10,98 + 9,050
11.28 + 0.030
11.55 + 0.075

1145
1106

1049

3

§&E 8 8

Feak Wavelength Wavenumber A4ba.

0.56
0.59

1.50
1.30
0,62
0.26
0.2}
0.29

0.23

Type Shape
7 &
g 3
Lo
Lk
i 3
T 3
1 3
i 3

(microns)
6 -20 - 9007

9035 - 9090

10,10 - 10.40
10,67 - 10.77
10,93 - 11.03
11.25 - 11.31
147 ~ 11.63

Structmral Oroup and
Vibrational Mode

(GRQ)3C- skeletal scissors
«(w (unspecified)
=01 (prl.) gm.fspeciﬁad)
08 (sec.) {(unspecified)
wiffle (3830) (mwied)
-0H (sec.) deformation
«C-0 stretching

0¥ (gx-.i..; (unspecified)
«OB (pri.) deformation
-C=-0 stretching

(CH3)3C~ skeletal deformation
(CH3)4C- skeletal deformation
(cH,),C~ skelstal deformaticn
(CH3)4C- skelotal defarmation



Band
No.

1l

10

2,90 + 0,013

3.26 + 0,078

3.97 + 0,038
h.l6 + 0,013

5038 + 01125
6.31 + 0,008

6.65 + 0,020
6,73 + 0,008
6.98 + 0.020
7.10 + 0.005
7.97 + 0,018

9-99 + 0.015

10,78 + 0,020

3418

3067

2519
2lok

1859
1585

1504
1186
1433
1408
1255

1001
928

0,54

1.60

0,13

0.15
0.10
0.45

0.58
0,94
0,38

0,50
0.40

0.30

1.40

b

& o B oo

TABIE XXI.
THE ABSORPFION BANDS OF
Aminomethane hydrochloride

E H o=

Characteristics of the Pesak Maxima in the Band
Peak Wavelength Wavenumber Abs, Type Shape

3

h

w N W

Band Position

(microns)
2085 - 20W

3.00 - 3,80

3 .92 - ’4025
525 ~ 5.51
6o02 - 60h7

6.60 e 7901

7.0k ~ 7,23
7:93 hd 8.01

9,95 - 10,10

10.3)._1 - 11.04

Lit. Positions
of Group Freq.

3500 ~ 3300

3500 - 3300
3200 -~ 2955
2985 - 2890
2700 ~ 21,80

2700 ~ 21480

2050 = 1800
1650 ~ 1590
16h2 - 1625
1572 - 1493
1572 - 1493
1479 - 1420
1460 -~ 11430

1400 - 1351

995

Structural Group and
Vibrational Mode

- =N-H (pri.) stretching (asy)

-N~H (pri.) stretching (sym)

~N-H (pri.) stretching (asy:;
-N-H (pri,) stretching (sym
~NHq* (unspecified)

CH.,= stretching (asy, & sym,)
~NH3* (unspecified)

-NHB'" (unspecified)

~NH3* (unspecified)

-NHp (pri.) deformation
~NH3*(pri.) (unspecified)
-HHB* (pri.) (unspecified)
~NHq* (rri.) (unspecifitdd)
CH,~ scissors (asy.)
CH3—N~ deformatien

cH 3~ scissors (syws)

~C-K stretching



TABIE XXII.
THE ABSORPI'TON BANDS OF
Aminoethane hydrochloride

Band Characteristics of the Peak Maxima in the Band Band Positien Lit, Positions Structural Group and
No. Peak Wavelength Wavenumber Abs, Type Shape (microns) of Group Freq. Vibratienal Mode
1 3.3L + 0,085 299 1.50 7 L 2.95 - 3.95 3500 ~ 3300 ~N-H (pri.) stretching (asy)
3.80 + 0,013 2632 0,39 8 3 -N-H (pri,) stretching (sym)
3.95 + 0,005 2531 0.3k 9 3200 ~ 2955 ~NH.+ (pri.) (unspecified)
299 ~ 2900 CH3CHp~ stretching (asy)
2967 -~ 2874 CH3CHp- stretching (sym)
2890 -~ 2833 CH3CHy- stretching (asy)
; 2700 -~ 21,80 -1033"' (rri.)(unspecified)
2 4.16 + 0.005 2L,0L o.l0 1 6 4,15 - L.17
3 L. 16 + 0,025 22,2 o1 1 3 holily = L.L8
k4 L.66 + 0,018 2146 0.10 1 3 L6l = ho68
5 L.96 + 0,013 2016 0.0 7 L L.81 - 5.25 2050 ~ 1800 ~NH3* (pri.) (unspecified)
5.18 + 0,008 1931 0.13 9 3
6 6,22 + 0,003 1597 0.52 1 6 6,02 =~ 6,27 1650 ~ 1590 ~NHy (pri.) deformation
1642 ~ 1525 ~NH3* (pri.) (wunspecified)
7 6.84 + 0,013 1462 1,10 L L 6465 ~ 6,97 1572 -~ 1493 -NH3+ (pri.) (unspecified)
1477 - 1420 CH4=CHy~ scissors (asy)
8 7.18 + 0,003 1393 0,56 7 6 © 7.10 » 7.37 1397 -~ 1351 CHy~CHp~ scissors (sym)
7.35 + 0,005 1361 0,23 9 5
9 7.53 + 0,005 1328 0.27 1 6 T.52 = 7.54



Band
No.

10

13

15

Characteristicas of the Peak Maxims in the Band

Peak Wavelength Wavenumber Abs,

8.25 + 0.003
8.4l + 0,005
9.6l + 0,005

10.33 + 0,008
10,45 + 0,005

11.53 + 0,028
12.64 + 0,015

1212
1185
1037

968
957

867
791

0.6
0.64
0.56

0.67
1.00

0.12
1.00

TABIE XXII. {Continued)

Type Shape
1 6
1 6
1 6
3 G
L 3
L 6

Band Position
(microna)

8.2 ~ 8426
8.3 - 8,L5
9.62 -~ 9.66
10,32 - 10,146

11-51 - noés
12.63 bt ].2.92

Lit. Positions
of Group Freq.

1220 ~ 1020
1200 ~ 1180

Structural Group and

" Vibratienal Mode

=~C~N (unspecified)
-~CHp~ twisting deformation



VI. DISCUSSION

The general similarities which were noted in the experimental spectra

and in the tasbles of correlation can be summarized as follows:

(1) The strongest, and often the widest abgorption band occurs bhetwsen

(2)

(3)

2,80 and 4,25 microns (3570 to 2350 cm'l). It is usually a multiple-
peak bend with a nurber of minor shoulders. The position of this band
corresponds to positions reported in the literature (3, L, 5, 13, 17,
18, 19, 22, 26, 29, 31, 32) for a number of different vibrational modes
of structural groups containing three basis units: the -O--H group, the
-N--H group, and the -C--H group, It has been stated (h, 22, 32) that
structural groups containing a hydrogen atom generally show these char-
acteristic frequencies because (1) the vibration is not mass seusitive;
and (2) the hydrogen atom is a terminal group.

The compounds of both series (Tables I & II) exhibit a fairly strong
band in the region from 6,00 to 6,80 microns (1667 to 1470 cmfl) which
generally corresponds to the position of an amine salt deformation
(-HH* and -NHy*=) in the region from 1650 to 1550 e ¥,

The compounds which contain hydroxyl groups exhibit a fairly strong
peék in the region from 8,75 to 9,50 microns (1145 to 1050 em™1), which
corresponds to the positions reported for the C-=0 stretching and O-~H
deformational modes that are characteristic of the alcohols (L). The
moderately strong peak at 9.06 m (110kL en™l) in the spectrum of 1,3~
disminopropane appears to be an exception, but this pesk may be due to
the trimethyleno diamine skeletal vibration at 1096 en™t, (Table IIT)
The compounds which do not contain hydroxyl groups (Compounds 101, 201,

301, and LO1) generally do not exhibit a strong peak in this region,



(k)

(5)

(6)

25,

and their spectra have narrower bands and sharper peaks than those

which have a hydroxyl group attached to the same alkane skeleton,
(Figures 32 and 3L; Figures 38 and 4O) For the compounds which have
more than one hydroxyl group attached to the same alkane skeleton,

the bands appear broader and the peaks more rounded as the number of
hydroxyl groups becomes larger., (Figures 32, 3L, & 36; Figures 38, LO, &
42) The unusually sharp peaksvin the spsotrum of compound L31 (Figure Ll)
are an exception to this general trend, |

The symmetrical diamines generally exhibit a peak in the region from
9.25 to 10,25 p, which corresponds to the positions reported (L,22)

for the C--0 stretching and O--H deformational vibrations of the sec~
ondary alcohol group (1125 to 1025 cm™Y), The spectrum of 1,3-diamino-
2<propanol dihydrochloride (Figure 29) shows three peaks in this region
which do not appear in the spectrum of 1,3~diaminopropane dihydrochloride
(Figure 28).

The symmetrical diamines and their corresponding parent monocamines,
which have hydroxyl groups attached to the alkane skeleton as primary
alcohol structures, exhibit a strong peak in the region from 9.30 p to
10,00 u. This region corresponds to the positions reported (L,22) for
the C-~0 stretching and O--H deformational vibrations of the primary al-
cohol group (1075 to 1000 ca™L),

The intensities of the bands in the region from 11.00 to 15.50 p (909 to
645 cm'l) generally decrease, as branching at the alpha carbon increases.
(Figures L7, 32, 38) It is interesting to note, however, that for the
symmetrical diamines, which contain the unbranched methylene chain in
the 2-propancl bridging structure, the intensities of the bands in this
region are greater than the intensities of the corresponding bands in
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their parent monoamines,

(7) The isopropyl and tertiary-butyl skeletons of the parent monocamines

are characterized in some of the spectra (Figwres 32, 33, 3L, 35, 38,

39, 4o, b1, h2, L3, Lk, & hS) by a series of minor peaks in the region

from 10,00 p to 12.65 p (1000 to 790 cm™l). In the spectra of the

symmetrical diamines (Figures 33, 35, 39, L1, U3, & 45), the methylene
units in the 2-propancl bridging structure contribute to the absorption
in this region.

Structural group frequencies nust always be used with caution, since the
vibrational modes which give rise to the infrared absorption bands are deter;
mined by (1) the masses of the atoms of a molecule, (2) the force constants
of the bonds between the atoms, (3) the symmetry of the molecule, and (L) the
interaction of vibrations, Whenever correlations are made for a series of
compounds, it is usually assumed that the masses of the atoms, force constants
of the bonds, and vibrational interactions will remain constant, or will vary
in a linear relationship from the simplest structure to the most ecomplex. (32)
The experimental spsctra appear to exhibit general similarities which do vary
in an approximately linear fashion among the compounds of each series, and
the symmetrical diamines of Table I show a distinct similarity in the position
of their absorption bands to those of their respective parent monoamines (Table
I1).

However, the absorptlion bands of one of the compounds which was studied
appeared quite unusual and diétinctly different from corresponding bands in
the other spectra (Figure 37). This compound had been synthesized by an
earlier worker and it was thought to be 2,8-bis(hydroxymethyl)-3,7-diaza-1,
5,9~-nonanetriol dihydrochloride (Compound 322). It was the only one of the
twenty compounds which failed to qrystalliza, and the spectrum was obtained
for this viscous oil by a "smear technique® (32). Mass spectrometric analysis
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of this compound revealed that the molecular weight (220) corresponded to

that of the propylene chlorohydrin derivative of the parent monoamine (Com-
pound 321), The spectral data, supported by the mass spectrometric analysis,
suggests that the original synthesis reaction did not proceed to completion
(i.e., the coupling of two moles of the amine by each mole of epichlorohydrin),
but had stopped after the first step, in which an epoxyamine was formed. When
this product was treated with anhydrous hydrogen chloride, the epoxide ring
was broken and the propylene chlorohydrin derivative of 321 (3-aza-b6-chloro-
2-hydroxymethyl-1,5-hexanediol hydrochloride) was formed. Since the supply
of 321 (2-amino-1,3-propanediol) was extremely limited, no attempt was made

in this work to resynthesize the symmetrical diamine (Compound 322), and no
spectra for it were obtained.

It is hoped that the reference spectra and the tables of correlation of
the absorption bands for these compounds will prove valuable in ﬁhe interpre-
tation of the infrared spectra of the chelates, and in clarifying the role
of the hydroxyl groups in the coordinating properties of these ligands.
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The Infrared spectra of twenty amine hydrochlorides wore recorded and
studied; so that they could be used as referense spectra for further roe
searchs The positions of the abscrpilion bands were compared with corresponde
ing literature values for the characteristlc frequencies of the molecular
structural units. A code was devised for tranaferring this spectral data
to IBf cards, and a Foritran sourcs progran was written 1o enable a digltal
computer (the I®{ 1620) to make these comparisons for an unlimited nuwber

of group frequoncies and a very largs mumber of gpecirag and the systen
ghould prove qulie useful in the search of a large nuuber of spactra for

corresponding bhands.

0f the ten symmetriesl diamines which wers studied, six contained the
primaxy alcohol group. Two similer compounds without tuisz group, 2,8
dimethyl=3,7=diazamCancnanol dihydrechloride and 2,2,8,8«Totremsthyle
3,7=diaza=Cencnanol dihydrochloride, were prepared in this work. A search
of ithe literature did nob yield any information aboul either of these two,
and i% is poassible that they have not bsen prepared previously.

Onz of ths compounds which was gtudied was a viscous oil, This come
pound had besn synthesized by an earlier worker and was thought to be 2,0
Bis{hydroxymothyl)e3,Tediaza~1,5,9«nonanetriol dihydrochloride., However,
the absorption bands in its spectrum (Figure 37) appzared unusually broad
and distinctly different from corresponding bands in the other apectraa
Mass spactromstric anelysis revealed that the molocnlar weight of this
compound correzponded to that of the propylene chlorohydrin derivative of
the parent monocanine (2eamino=l,3epropanediel hydrochlorids), and it is
now suspected that the original synthesis reaction did not procsed to come

pletien,
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When purified, many of theze amine hydrochlorides were found to bs very
hygroscopic, making them quite difficult to wash, even with anhydroug sole
vents, The powdersd potassiun bromide iz also hygroscopic and the most
transparent disce were obtained when ths KBr had been diisd overnight in a
vacuun oven (100°C), It was found to bz essentlal o svacuabte the die for
at lcast five minutes before applying pressure, to remove moisturs from the
mixbure to the point where it had no significant offach on the gpochra.

If the sarple discs were exposed to the atnosphere for more than an
hour, they becams cloudy and the specira lost their reproducibility. How-
ever, when they were no longer ugeable, they could be ground, dried in a
vacuun oven, and re-pressed; and the spectra which were obbained ware

cogentlally ths samz as the originals,



30.

VIII. BIBLICRARIY

1.  Baker, A. W., JOURNAL OF PHYSICAL CHEMISTARY, 61:L50 (1957).

2, Barrow,G,M,, HOLECULAR SPECTROSCOFY, Mclraw-Hill Bosk Co., lew
York, 1962,

3e Beer, H., Kesseler, and Sutherland, JOURNAL OF CHIRIIGAL FIYSICS,
29(5):1097 (1958).

L.  Bellsmy, L. J., THE INFRA-REL SPEECTRA OF COMFLII MOLECULES,
2nd, Ed., Jobn Wiley & Song, Inc., New York, 1560,

Se Bellamy, L. J. and Willlams, JOURNAL OF THE CHEMIUAL SOCIEIY,
Part 3, p. 2753 (1956).

6. Chaberek, S. and Martell, OACAHIC SEQUESTERITNG AGHNTS, Jobn
Wiley & Scns, Inc., Hew York, 1959,

Ts Coblentz, W. W,, INVESTIGATICHS OF INFRA-RED SFICTRA, Reprint,
Coblentz Society, 1962.

8. Cotton, F. A, and Wilkinson, ADVANCED THORGANIC CHEMISTRY, Inter=
science Publishers, o Tork, 1962,

2. Davias, R. W., Master of Science Dsgree Thasls, University of
Richmond, Richmond, Va., (1964).

16. Frdmanie, V., Master of Science Degrec Thesis, University of
Rickrond, Richmond, Va., (1955).

11, Gormain, G. B., PROGRAMMING THE IBM 1620, Prentice~Hall, Inc.,
Englewood Cliffs, New Jersey, 1962.

12, Gladding, Haster of Science Degree Thesis, University of Richmond,
Richmond, Va., (1955).

13. QGore, R, C. and Colthup, JOURNAL OF THE OFTICAL SOCIETI OF AMERICA,
10397 (1950),

1k, Heslop, R. B. and Robinson, INORGANIC CHEMISTRY, Elssvier Pub-



15,

16,

17,

18,

19.

20,

21.

22,

23,

2k,

25,

26,

27.

31.

lishing Co., New York, 1961,

Jackson, D., Jr., Master of Science Degres Thesis, University of
Richmond, Richmond, Va., (1960).

Jackson, D., Jr., O%Rear, C., and Trout, W,, Papor Fresented to
the Southsastern Reglonal Mesting, A, C, S., Gatlinsburg,
Tennesses, 1962,

Lane, J. T., Sen, and Quagliano, JOURNAL OF CHEMICAL PHYSICS,
2211855 (195hL).

Lawson, K, E,, INFRARED ABSORPIION OF THORGANIC SUEBSTAKCES,
Reinhold, New York, 1961.

HeMwrry, H. L. and Thornton, JOURNAL OF CHEMICAL FHYSICS,
19(8) 5201k (1951),

Milkey, R. G,, ANALYTICAL CHEMISTRY, 3‘031931 (1958).

Moore, W, P., Jr., Mester of Science Degree Thesis, University
of Richmond, Richmond, Va., (1956).

Hakanishi, K., INFRARED ABSQRFIION SFECTROSCOPY, Holden-Day,
San Francisco, California, 1962,

O!Rear, C, E., Master of Sclence Degree Thesis, University of
Richmond, Richmond, Va., (1961).

Pauling, L., THE NATURE OF THE CHEMICAL EOND, 2nd. Ed., Cornell
University Press, Ithaca, New York, (1540).

Plerce, J. S, and Wotiz, JOURNAL OF THE AMERICAN CHEMICAL SOCIETY,
66:879 (19Lk).

SADTLER, Sadtler Research Laboratories, Fhiladelphia, Pennsylvania,
1962,

Sears, F. W, and Zemansky, UNIVERSITY FHYSICS, 2nd, Ed., Addison=
Wesley Publishing Co., Inc., Reading, Massachusstts, 1957.



28.

29,

30.

3.

32,

33. .

32,

Shriner, R, L., Fuson, and Curtin, THE SYSTEMATIC IDENTIFICATION
OF ORGANIC COMPOUNDS, Lth, Ed,, John Wiley & Sons, Inc.,
Hew Tork, 1960,

Stewart, J. E., JOURNAL OF CHEMICAL PHYSICS, 30:1259 (1959).

Stimson, M. M, and O'Donrnel, JOURNAL OF THE AMERICAN CHEMICAL
SCCIETY, Th:1805 (1952).

Svatos, G. F., Ourran, and Quagliano, JOURNAL OF THE AMERICAN
CHFMICAL SOCIETY, 77:6159 (1955).

Saymanski, H, A,, IR-THEQORY AND FRACTICE OF DIFRARED SFECTIROSCOFY,
FPlenum Press, New York, 196L,

Willard, H. H., Merrits, and Dean, INSTRUMENTAL METHODS OF ANALYSIS,
3rd. Ed., D, Van Hostrand Co., Inc., Princeton, New Jersey,

1962,



33.

IX. AUTOBIOGRAPHY

I, Lawvrence Ingram Briel, II, was born on February 1, 1940, in
Richmond, Virginia, I attended local elementary and junior high schools
and graduated from Thomas Jefferson High School in June 19%58.

From September 1958 to June 1962 I attended Richmond College of the
University of Richmond, where I received the degree of Bachelor of Sclence
in chemistry.

In September 1962 I enrolled in the Graduate School of the
Univergity of Richmond. This thesis is submitted to the Faculiy in
partial fulfillment of the regquiremenis for the degree of Master of
Science in chemistry.



	University of Richmond
	UR Scholarship Repository
	Summer 1964

	A study of the infrared spectra of a group of hydroxyalkylamine hydrochlorides
	Lawrence Ingram Briel
	Recommended Citation


	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111



