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Introduction

Polyglycine was synthesized from glycine monomer
with the improved method. However, polyglycine is
classified to two molecular structural forms, zigzag
form-polyglycine I and helical form-polyglycine II.
Now, the physicochemical properties of polyglycine I
that was obtained at the first synthesis reaction step
were published on the previous paper?. At the second
reaction step, polyglycine II was converted from poly-
glycine T with metal halogen compound, lithium bro-
mide. It was recognized that lithium bromide was
more effective than other some salts in the reactivity
of the conversion of molecular structure.

Then, the physicochemical properties, the vibrations
of molecular chain, of polyglycine II were determined
mainly with infrared and farinfrared spectrophotometers
in the spectral range of 4000 cm™' to 50 cm™. And
the assignments to the absorption bands were carried
out for molecular vibration modes.

Thus, new information on physicochemical porperties
of polyglycine II were gotten, those experimental res-

ults were published on the present paper.

Experiment and results

First polymer;
Polymerization® : The polymer, polyglycine, was

synthesized from N-carboxyanhydride® of purified
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ground monomer, glycine. The synthesized polymer
was treated with purified dichloroacetic acid which
was redistilled under dry state carefuly. Thus, the
first polymer was obtained as polyglycine I.

There is a notice property that the contained water
in dichloroacetic acid decomposes the polymer, poly-
plycine, partially. And this purified dichloroacetic
acid was not so suitable to prepare the film of polymer
under opened system. However, it was suitable for that
procedure under closed system, special absorption cell.
And it did not damage the window material of the
cell.

Trifluoroacetic acid which was another nice solvent
had to be purified carefully like dichloroacetic acid.
There is unexpected factor that the impure agent
decomposes the polymer. But it is a very important
property that the pure agent does not damage this
molecular structure.

Second polymer ;

Conversion of structural form: The conversion of
molecular structure from polyglycine I to polyglycine
II was examined with some metal salt solutions. And
the process of conversion was detected with an infrared
spectrophotometer. As the conversion agents, lithium
bromide, calcium chloride and other metal salt solutions
were examined under the various conditions to detect
the effects on precipitation, separation by centrifugation,
and washing with solvent. Moreover, whether the
dependency of the effect existed in the concentr'fxtion,

solubility, and temperature or not was investigated at
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the same time as a fundamental point. Above all, the
results of lithium bromide were only shown on this
paper. The results obtained from other salt solutions
may be reported on the other papers.

The representative concentrations of lithium bromide
were 0.2%, 1.0%, 2. 0%, and saturation.
peratures were 10°C, 25°C, 40°C, and 60°C. At last

The tem-

the suitable and convenient condition was saturated
aqueous solution at room temperature, 25°C.

Calculation: All process of this calculation!3:4,5:6,7,
8,9,10,11,12) was so long and complicate that only main
part was shown partially on this paper.

The normal vibrations of infinite helical polymeric
chains were specified with the phase difference & between
the vibrational displacements of the icorresponding

atoms which were adjacent units. The number of the

Rm—sT b Rm—Z* Rm—l*

Rui =+ G511 .. G1 GO
Ra e Gt . G2 Gt
Ry - Go*1 oo GB G
The inifinite G or F matrix was factored into the set
of matrices G(d) or F(&) corresponding to the phase
difference of 4. The internal symmetry coodinate

vectors for the phase difference 6 were expressed by

normal vibrations for any given phase difference was
expressed in terms of the number (p) of the atoms
per repeating units. There are 3p-2 A vibrations, with
the phase difference of §=0; 6p-2E(J) vibrations (3p-1
degenerate pairs) for the phase dfference of §=6;
and 6pE(d) vibrations (3p pairs) for the phase differ-
ences 00, where the angle 0 is the angle of rota-
tion about the helix axis on passing from an atom to
the corresponding atom of the adjacent unit.

The normal vibrations of infinite helical polymers
by the GF matrix method was considered first by
Higgs. The infinite G matrix (the potential energy
matrix) was expressed, in terms of the vectors, R,
for the internal coordinates or the local internal

symmetry coordinates associated with the mth unit.

Ra'  Ruut Rmyat oo Ryt
Gt Gt Gt Goeit
Go Git Gt we  Gst
Gt Go Gt ... Gs-tit
§-(8)=N"TSIRy exp(-im &) (2)

The G matrix

for the phase difference § was now factored into the

—l . .
where N 7: the normalization factor,

G*(9) matrix and the G~(6) matrix, each associated

(1) and (2): with the symmetry coodinate vectors, S*(8) and S-(5),
S*(&):N-’}ERM exp (im &) (1) respectively.
G*(0)=G+33{G* exp(isd)+Gst exp (—isd)} =G+433(G+Get)cos 56+ 413 (G5 —Gst) sin s8 (3
G~(8)=G"+3}{G* exp (is )+ G+t exp (—is 8)} =GO+ 331G+ +G*1) cos sfi— 1) (Gt—G*1) sin 53 (4)

where the vector S*(9) : the complex conjugate of the
-vector S*(8), the matrix G~(9) : the complex conjugate
of the matrix G*(8). The order of the G*(d) or the
G~(0) matrix was equal to the number (n) of the
For the A vi-
brations with the phase difference of =0, the G(0)

internal coodinates per repeating unit.

matrix was expressed by (5),
G(0)=G'+31(Gs+Gst) (5)
8=1

The potential energy matrices, F*(8) and F-(4), for
the phase difference 5 were expresssed in the same
forms as the G*(8) and G~(6) matrices.

The elements of the G* or G~ matrices as showed
by (8) and (4) were complex numbers. It was, however,

more practical to deal with real G and F matrices.

The GF matrix was transformed into symmetrical
form, and diagonalized to yield the characteristic va-
lues and characteristic vectors. The real internal
symmtery coordinates, S¢(d) and S$(8), for the phase
difference of § were obtained from the complex sym-

metry coordinates, S*(8) and S-(4).

§¢(8)=27F(S*(8) +S-(8)} =(2/N)*SIRm cos md  (6)

§4(8) = — 272 {S*(8) — $~(8)} = (2/N) TSR sin md (7)

The G(8) matrix for the phase differnce § was ex-

pressed by

Gee(o Ges(o
G (8)= [Gscgég Gssggg] (8)

The submatrices, G*¢(9) and G**(3), were associated
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with the vectors, S¢(8) and S3(3), respectively, and

were expressed by

Ge+(3) =G0+ 33(G* +G*1) cos s5=G1(9) (9
Gs3(8)=G1(6) (10)

The submatrix, G (6) associated with S¢(8) and
S¢(8)t, was expressed by

Ge(8) =3)(G*—G*1) sin 5H=G:(9) an

and the submatrix, G°(8), associated with S°(8) and
S8(8)t was expressed by

G (8)=—G(9) 12
The submatrix G;(8) was symmetric, whereas the
submatrix Gz (8) was skew-symmetric. The G (d)
matrix was real and symmetric. Making use of (9)-
(12), the G(8) matrix for the phase difference § was
expressed by

Gy(d —Go(0
c=[G3 TE®) (13

The order of the G(§) matrix as expressed by (13)
was twice the number (#) of the coordinates per repeat-
ing unit, but, the number of the independent elements
was equal to #?, since the number of independent
elements of the Gi(6) and G:(6) submatrices was
equal to}n(n+1) and }n(n—1), respectively.

The characteristic values and characteristic vectors
of real symmetric matrices were calculated by the
modified Jacobi method.  The largest off-diagonal
element G;; was selected and the transformation

R'=TR (14)
was carried out, where the diagonal elements of the
T matrix were
t;y=1;;=COS & (15)

tu=1 (for ixk3j) 16)

and the off-diagonal elements were equal to zero

and

except for
tij=—tp=sina an

After the transformation, the element G;/ was ex-

pressed by
Gji’—_—Gijl=%~(Gii'—ij) sin 2a+Gj: cos 2a  (18)

The element Gj;’ was reduced to zero if the value of

the angle @ was taken

as a=-%- tan“(‘iu) a9
where u=G;1/2(Gu—Gj5) (20)
The diagonalization of the G matrix

GLg=L¢Av 1

was performed by repeating the transformations (14)
until all the off-diagonal elements were negligibly
Then the matrix Ls was expressed by

Le=IT®
k

small.
(22)

The modified Jacobi method was used for diago-
nalization of the G or F matrix associated with the
degenerate vibrations of infinite helical polymeric
chains. Supposed the off-diagonal element G was lo-
cated in the Ge¢(6) matrix [=Gi(8)]. The tranfor-
mation matrix T/ was calculated by (15)-(18). For
the G(8) matrix, the off-diagonal element Gjin, i4n
was equal to Gy and, accordingly, the transformation
T,' was followed by the transformation T)// specified
by

@1 Dieny ian=(') jamy jea=cC0S & (23)
D igms jan=—C8"") jon, 14n=sin & 24)
These two transformations were carried out in one
step and denoted as T\
)= iemizn=(£1) 5,;=(f1) ym,j2n=COS & (25)
®ig=iemisn=—(t1) == () jsnisn=sin a (26)

Then, if the off-diagonal element Gj.a,; to be re-
duced was located in the G*¢(8) submatrix [=G2(8)],
the elements of the first transformation matrix T2’ were
expressed by
@7
(28

For the G(&) matrix, the off-diagonal element Giin,;

(#2)ee=(t2") jamjsn=cOS &

- (tzl)j”m': (tZI)i,j.m: sin «

was equal to —Gjn,; and the transformation T was
followed by the second transformation T.'/ which was
specified as

29
(30)

These two transfomations, T2’ and T://, were carried

@' 5= Yisnisn=008 &

— (& isny =) jian=sin @

out in one step, and were denoted as Tz, with ele-
ments obtained by dropping the prime’s in (27) and
(28), and the double prime’s in (29) and (30). For

the special case of n=2, the T and T matrices were

C7)
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expressed below :

cosa sin« 0 0
T,=| —sina cosa 0 0 31
0 0 cos « sin «
- 0 0 —sin a cos «
- cosa Q 0 sin «
Ty= 0 cos o sin « 0 (32)
0 —sina cosa 0
-—sina  ( 0 cos @

T®TU+D = [Tg“)

T, B | | Ty T, 0

It follows, that the Lg matrix [=/1T%®] was ex-
!

Only the
elements of the T, and T} submatrices were taken as
Also, it

pressed in the form expressed in (33).

the independent elements of the 7" matrix.

Tt [Gy
T.t G

T,

TTGT:[_TM

were the Gi’ submatrix was symmetric and was

expressed by

G/ = TG Tt Tst Gy To— Tt Go T+ TstGi T (36)
and the G’ submatrix was symmetric and was expressed
by

Gl = =Tt G\ Tt Tt Go Tu+ Tt G2 T+ To¥ G1 T3 (37)
In diagonalization, only 72 drum locations were ne-
cessary for the independent elements of the G; ()
and G2(9) submatrices, until all the off-diagonal ele-
ments were reduced negligibly small. The resultant

diagonal matrix A¢ was expressed by

T, b Tp(k)] [Ta(k+l) — Tﬁ(k-n):l _ [T“(Iz) Tok+ D — Ty T, kD
Tg(“ T, kD + Ta(k) Tp(k+1)

—Gs

Reviewing the two kinds of transformations, 7 and
T, it was remarked that either one was expressed in

the form

T=[T¢ —Tp}

T, T. (33)

If the two transformations, T and T%+D, were
carried out the resultant tranformation was expressed
in the form as expressed by (33)

— TpB T, 4D T Tlhr) 34
T, T,k 1 Tt T+ :
was shown that, even after the transformation 7T
[(33)], the G(6) matrix retained the original form as

expressed by (13).

T. —-T:1_[G/ =Gy
] [T,g Tﬂ_[G;’ GI'} (35
form

Fo=(Ls Ac?)t F(LsA®) 40

and the characteristic values of the normal vibrations

were calculated by diagonalizing the F¢ matrix,

FeLe=LcA (41
The L matrix was expressed by
L=LeAe*Le (42)

In the case of the degenerate vibrations of infinite
1
helical polymers, the LgAde? matrix was derived to

be

1 1
LGAG’:’=[ Lg.Aga® —LGﬁAGa?:I (43)

—_ AGzz 0 :’
AG_[ 0  Ae (38) LGﬁAGa—;— LGaAGa%
Aea= Aes (€] The F¢ matrix for the degenerate vibrations was ex-
The GF matrix was transformed into the symmetrical pressed by
Iy [F1(8) —FZ(B)} } [F01(5) —Fcz(ﬁ)]
- 43 100 Ty—
Fc(a) (LGAG )T[Fz(o) Fl(a) (LGAG ) Fcz(ﬁ) Fo](a) (44)
1 .
where Fo1=A64%*(Leot F1Lga+ Lgt F2Loa— Lot FoLgp+ LGﬁTFchp)AGan (45)
1 1
and Feo=A¢a® (Leat FeLga— Lot F1Lga+ Lot F1Lgp+ Logt FoLgs) Aga” (46)
Thus, the F¢ matrix was expressed in the form ex- L. —L.
. L L=[ “ ? (48)
pressed by (13), and was diagonalized just as for the L, L.
case of G (0) matrix. On substituting (43) and the where Lnx:LGaAGa%LCM —Lg; AGa%LC,S (49)
L¢ matrix 1 1
and Ly=Lgsdga?*Lea+ Leadca®Los (50)
Lo=[fo« —Los 47 :
= | Les L¢e Spectral absorption bands : The absorption bands

in (42), the L matrix for the degenerate vibrations

was found to be

of the film of Polyglycine II which was prepared with

purified trifluoroacetic acid were determined under dried

C8)
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and wetted conditions by the special cell. The cell
was invented by the author was very convenient to
other various objects. The dried state was kept by
concentrated sulphuric acid. The wetted state was
kept with saturated sodium perchloride solution of
water or heavy water.

The absorption bands of the KBr pellet and its self
pellet of glycine or polyglycine II in the spectral
region of 4000 cm™! to 50 cm™! are listed in Table I or
Table TI respectively. Also, the calculated frequencies
and energy distribution for molecular vibration modes

Table L

are listed in Table IL

Many absorption bands were determined with the
spectrophotometers, Perkin-Elmer 121 (NaCl, KBr
prisms), Perkin-Elmer 521(grating), Hitachi EG-1(grat-
ing) for infrared range, Perkin-Elmer 201 C(450 cm™*
to 290 cm™!, 280 cm™! to 185 cm™1, 190 cm™! to 120 cm™,
140 cm™! to 110 cm™!, 100 cm™!
to 65cm-1) and Hitachi FIS-1 for farinfrared range.

120cm™! to 95cm™,

For various calculations, the large electronic com-
puters placed at Osaka University, The University

of Tokyo, and Tohoku University were operated.

Vibrational frequencies of glycine in the spectral

region of 4000 cm™! to 50 cm~!. (cm™!)

KBr pellet
(NaCl prism range

in infrared range)

3170 s

2890 s

2618 s

2381 sh

2128 m

1595 s

1520 s

1451 s

1420 s

1340 s

1115 m

1033 m
912 s

896 s 984 s
836 s
694 s
666 sh
604 s
503 3

KBr pellet
(KBr prism range

Its-self pellet
(Farinfrared range)

in infrared range)

361
283
245 sh
192 ww
139
110 ww
84
73

9



KBr pellet
(NaCl prism

range in in-

frared)

3293 s
3110 s
2950 s
2857 sh
1658 s

1555 s

1427 s
1386 m
1351 sh
1287 s

1250 s

1121 sh

1032 s

903 s

735 sh

Table II.

H.SO,
(dried)

3270
3085
2930

1550

1415
1375

1283
1280

1250
1203
1180
1135

1030

900
835
800

750

s

sh

Keisuke HORITSU

Vibrational frequencies and assignments of polyglycine II

in the spectral region of 4000 cm™! to 50 cm~!. (cm™!)

Its-self film

(grating, in

infrared range)

H:0
(wetted)
3440 sh

3270 s
3090 m
2930 m

1550 s

1415 s
1375 m

1285 s
1280 m

1250 s
1205 m
1185 sh
1140 s

1030 s

900 s
837 m
803 w

750 sh

D:O
(wetted)
3440 sh
3270 s
3085 m
2930 m

*2480 s

1555 s

*1465 s
1415 s
1380 m

1285 m
1280 s

1250 s

1185 sh

1138 s

1030 s

* 960 sh

900 s

835 m

803 w

750 sh

(10)

v calc.

3335 A

1660 E
1659 A

1519 A
1515 E

1285 E

1266 A

1084 A

1010 E

959 A
947 E

768 A

Assignment,
energy

distribution

ANH

ACO(TT)
ACO(78)

$NH(73), ANC(34)
$NH(74), ANC(33)

ANC(33), $NH(23), ACM(24)

ANC(38), $NH(24), ACM(20)

AMN(69), ACM(23)
AMN(40), ACM(17)

ACM(22), £MNC(16), 4CO(13)
AMN(37), ACM(24)

xNH(57), =CO(30)



698 bro
668 sh
‘(KBr prism
range in in-

frared)
978 s
899 s
745 sh
729 sh
694 sh

It self pellet It self pellet
(Farinfrared (Farinfrared

range) range)

494 ww

363 368
286

265
214 ww
147 ww

115
104 ww
(87

84 (81)
74
(68)

Polyglycine 11

724 E aNH(T7), $CO(14), 7CO(14)
664 E =CO(64)

606 A =NH(76), tNC(29), $CO(11)
601 E ZNH(54), tNC(28), $CO(20)
601 A 7CO(54), $CO(27)

376 A Z MNC(37), $CO(15), tNC(11)

342 E £ MNC(29), tNC(21)

265 A LCMN(25), tNC(24), tNM(16), $CO(15)
236 E /MNC(28), LCMN(25), tNC(19)

187 A L MCN(65), AMN(12), £MNC(10)

9 E tNM(36), £LCMN(20)

72 A tNC(52), tCM(30), £CMN(15)

59 E tCM(49), tNC(38)

Intensity : s=strong, m=medium, w=weak, ww=very weak, sh=shoulder, bro=broad

v calc. : calculated frequency (cm™!)

ever, the number of investigation into polyglycine is

Discussion . . .
very small in comparison with other polymers of
Polyglycine is a fundamental polymer which is poly- amino acid. As one of the reason, polyglycine selects
merized from a fundamental amino acid, glycine. How- only a few solvents, namely the solubility in many

(11)
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Also, the

investigator had to consider the decomposition and the

ordinary solvents is very small value.

conversion of molecule at the same time and the de-
gree of polymerization.  Then, the experiment on
polyglycine is complicate unexpectedly.

Now, the infrared and farinfrared absorption spectra
of polyglycine I which is antiparallel 8 form structure
is different from these absorption spectra of polyglycine
II. So, there is a very large difference in molecular
structure between polyglycine I and polyglycine II
which is three screw fold helix-form structure. Especial-
ly in the range of infrared, the absorption spectra of
polyglycine I was completely different from those
spectra of polyglycine II.

The determination of dichroism is one effective
method to analyse the molecular structure of polymer
and to recognize the assignments of absorption bands
observed in infrared spectra. Therefore, the determi-
nations of dichroism of polyglycines have been carried
on partially. However, the used instrument has been
not latest that the experiment has been very hard.
Moreover, it has spent very much time. Then, the
rest part of the determination for them may be tried
with a latest instrument.

The X-ray diffraction method is more effective to
analyze the crystallinity of polymer. Also, that the
determination of the monomer is carried on with the
polymer at the same time is very important like the
case of infrared spectrometry. On the basis of such a
consideration, one part of those experiments has been
carried out for polymers, polyglycine I and polyglycine
II, and for monomer, glycine.

On the other hand, to make such a comparison
between polymer and monomer is an effective method
which checks up the purity of sample, the operating
condition of instrument, and the precision and accuracy
of data.

Some results obtained from the experiments of
dichroism and crystallinity were effective to decide the
molecular vibrations partially. Then, new experimental
results in a progressive procedure and the unpublished

results may be reported on the other paper.

At last, on the physicochemical properties the comp-
arison of polyglycine II with polyglycine I which was
reported on the previous paper® might be better on
the same paper. However, it had to be separated
And the

multiple description about contents of two sections,

two papers owing to reason of compilation.

experiment and results, and discussion, of this paper
was eliminated as pertinent as possible. Because this

paper became too long already.

Summary

One of two molecular structures in polyglycine is
a-helical structure which is called polyglycine II.
The polyglycine II was converted from polyglycine I
which was treated with dichloroacetic acid. In this
conversion, that aqueous saturated lithium bromide
solution was better than some other salt solutions was
recognized after the effects of concentration, tempera-
ture, and solubility for it were examined as funda-
mental eiperiments.

The physical properties of polyglycine II was deter-
mined with infrared and farinfrared spectrophotometers
in the range of 4000 cm~!'~50cm~!.

Then, some new appeared absorption bands were
attempted to assign against the corresponding mole-
cular modes. Also, their potential energy distributions

were calculated for them as detailed as possible.
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