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Three-Body Model
" The three mass, spring model is: | JOUR%?{IE?ATS?FI;\\;SICAL

| f15 | I3
m; - my | | ms
The potential energy of the system is given by: |
2V = fia(Ar12)? + f23(Ar23)?
.~ where Arjp = Ax| - Ax; and Arg3 = Axz - Ax; so that
2V = fi(Ax) - Ax)? + f3(Ax2 - Ax3)?
or 2V = fip(Ax1)? + (f12 + f23)(Ax2)* + £53(Ax3)? - 2f23(Ax2AxX3) - 2f12(Ax1AX2)
The kinetic energy is
| 2T = ml(Ax.l )2 + mg(A;cz)'l + m3(1.$<3)2
The equations of motion are thex;:
my(ax) + fi2(Ax1) - fr2(Ax2) =0
mz(A;?.) +(f12 + £23)(Ax2) - £23(Ax3) - f12(Ax)) = 0
ms(Axs)+ Fa3(Ax3) - F3(Ax2) =0
The substitution
AN = Ajcbs(‘\flt +g) .

leads to the equations
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(fi2 - me)An -fl2A2 =0
12 Al + (fl2 + f23-maA)A2-f23 A3 =0

(f23-m3A)A3-f23 A2 =0

The equations have non-zero solutions only if the determinant of the coefficients

vanishes:

(fi2 - mjA) 12 0

-f12 | (fi2 + f23- mil) 3

0 f . (-msh)

A =0 is one eigenvalue because there are only two force constants.

- m1m3m27»2 + ((mp + mp)mafyy + (mg + m3)m;f23)A - (m + mp + m3)f 12f23 =0

~ which has the solution .

2

((m tm 2)’" 3ﬁ2+(m 7tm 3)’77 lf;;) i \/Rm itm 2)’” A 2+(m ytm 3)m 1f23)-~'4m 1mym 3(”’ 1+’_" ytm 3)

2m,mym;

A=
In the special case where the force constants are equal:
- m1m3m27&2 + f(mpm3 + mymy + 2mm3)A - f2(m1 +mp + m3) = 0

the result is

(m2m3+m,m2+2mlm3) + \m2my+m my +Am Pm*2m my’m;

A=f

2mmym;

Our three-body masses are:
ml = 488 a.m.u

m2 = 56 a.m.u

m3 = 68 a.m.u

It would be possible for the observed vibrational mode to be either (+)
predominantly 12 or (-) predominantly 23 combination. For example, assuming f =
3.36 mdyne/A the two normal modes in this analysis have frequencies of 507.3 (+)
and 203.7 (-). ’

A table of isotope effects for three body model with identical force constants of
3.36 mdyne/A are given below (Table Al). This result can be compared to the two
body model (again with f = 3.36 mdyne/A). For a two-body model 1/p = (my +
mp)/mmy = 0.0325 and the frequency is 431.0 cm” for this foce constant. The three-
body model presented with 3.36 mdyne/ A for the axial ligand mode is acceptable

2
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provided that the observed mode is the (-) combination. Notice that the pattern of
isotope shifts is that shifts on the iron are smaller and imidazole are larger for the (-)
combination. Neither this nor the fact that the (+) combination should also be
observed are consistent with the data on the iron-axial-ligand stretching mode in heme

- proteins.

Table Al. Isotope effects calculated for a three-body model with two ide

constants of 3.36 mdyne/ A

ntical force

1/p 1/p sq(u'/p)-1 | Av sq(pn'/p)-1 | Av

Mode (+) - (9) (+) 507 cm’” (-) 203 cm’”
Na 0.045180 [0.0072893 [0.0000 | ------ 0.000 [ ------
4N on P [0.045174 ]0.0072782 | -6.64 E -5 | -0.033 -7.61 E-4 | -0.15

d, Im 0.044767 | 0.0070801 | -0.0040 -2.02 -0.0144 -2.92
di-"N Im [0.044901 ]0.0071483 | -0.0031 -1.57 -0.00971 | -1.97
>Fe 0.046466 |0.0073260 [ 0.0141 -7.16 0.00251 -0.509
>'Fe 0.044572 10.0072710 ] -0.0067 [ 3.39 -0.0012 0.24

Since this result is not acceptable the relative frequencies of the two modes for different
values of the force constant f are compared in Table A2.

Table A2. Isotope effects calculated for a three-body modelvwith two identical force

constant. The calculation is shown as a function of the force constant given in the first
column. ' : : _
f (+) )

(mdyne/A) (cm!) (cml) .

3.36 507.3 203.7

1.67 358.0 | 143.8

0.7 1231.7 93.0

0.66 224 .8 88.6

The calculation with force constants of 0.66 mdyne/A has the closést agreement with
experiment in terms of the frequency of the (+) combination mode. The isotope effect
can be readily calculated for the most acceptable values as shown in Table A3.
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Table A3. Isotope effects for the three-body model calculation with two identical force
constant of 0.66 mdyne/ A ‘

1/ 1/u sq(pt'/p)-1 | Av sq(p'/w)—-1 | Av

Mode (+) (-) (+) 225 cm’ () 88.6cm™
Na 0.045180 [0.0072893 | 0.0000 | ------ 0.000 —=ees-
4N_onP [0.045174 [0.0072782 | -6.64 E -5 | -0.022 -7.61 E -4 | -0.06

1d;Im 0.044767 |0.0070801 | -0.0040 -0.9 -0.0144 -1.3
di-°NIm ]0.044901 | 0.0071483 |-0.0031 -0.7 -0.00971 | -0.9
ke 0.046466 |0.0073260 | 0.0141 -3.2 0.00251 -0.22
>'Fe 0.044572 | 0.0072710 -0.0067 1.5 -0.0012 0.1

Using the approximation of identical force constants for the two internal stretching
coordmates of the three-body model shown in Figure 1A, we can calculate the percent
potential energy distribution (%PED) as follows.

Beginning with the definition of equations for the lmear coefficient A;and equatmo f12
= f,; = f, we have :

(f-mMA, -fA, =0
£A + Qf-mMA, - A, =0
(f- mMA, - fA, = 0

We found eigenvalues of A = 0. 045 and 0.007 for the (+) and (-) solutlons
respectively.

Thus, for a given force constant and A we can solve for the ratio of A; and A, to A,.

- for A = 0.007 :
we have for the (-) combination

A, = [f/(f - mL)]A, = £/(£0.007%488) A, = K_A,
A, = [f/(f - mA)]A, = £/(£-0.007%68) A, = I A,

for A = 0.045
we have for the (+) combination

A = [fI(f- ml+)]A = f/(f-0.045*488) A, —K A,
A = [f/(f - mx+)]A —f/(f0045*68)A =1, A

The potential energy is given by V = '2[f ,(Ax, - Ax )2 + f,,(8x, - AX )2] so that we
- can define the total potential energy as V = Y[f (Ax - AX )2 + f(Ax, - Ax )2] for the

equal force constant model discussed here. Substltutm0 in the above mformatlon in
terms of unnormalized displacements we have:

V. = WK

~11A)2 + f(J - 1]A)2] where A, = KA&, and A, = JA,.

The %PED for either of the coordinates is given by:
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100*(K - 1)2

[(K-12+(-1)2

So that we can calculate for the models above that the %PEDs are given in table A4.

', Table A4. Potential energy distributions for three-body model calculations.
f (+) (+) 16) )
(mdyne/A) Fe-L Fe-P Fe-L Fe-P
3.36 100.0 0.0 1.3 98.7
1.67 80.6 19.4 4.0 96.0
0.7 61.6 38.5 24.7 75.3
0.66 60.5 365 18.5 81.5

Several calculations were considered with variable force constants for the purpose of
exploring the parameter space.

Case 1
fi2 = 3.36
f3 =20

Calculate numerically.

A = 0.01970 and 0.11228 which corresponds to frequencnes of

186.7 and 445.74 cm-1

A
(+)
Na 0.11228
I5Np 0:11225
d; Im 0.111645
54Fe 0.11577
Case 2
fi» =1.0
f23 = 0.6

‘Calculate numerically.

A

)
0.019700
0.019680
0.019032
0.019752

I 730)-1
()
-1.3E-4
-0.0028
0.0154

o
Av

445.7 cm

-0.06
-1.24
6.9

O /0)-1

A = 0.005878 and 0.033537 which corresponds to frequencies of

99.9 and 238.7 cm-1

A

()
Na 0.033537
IsNp  0.033529
d; Im 0.033367
SAFe 0.034588

A
¢)
0.005878 -
0.005871
0.005701
0.005920

| I(x'/i)-l -

)
-1.2E-04
-0.0025
0.015

v

Av
2387 cm!
-0.03
-0.6
3.6

(L'/A)-1
&)

Av
99.9 cm!
-0.09
-3.2
0.24

Av
99.9 cm-!
-0.06
-1.5
0.356. .
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Case 3
flo = 0.8
f3 =0.6

Calculate numerically.
A = 0.005221 and 0.030216 which corresponds to frequencnes of 96.1 and 231.2 cm-

, 1.
A A I(A'/A)-1 v (' /x)l v
| +) “) *) Av ) Av
Na 0 0.030216  0.005221 = --meeeeee- 2312 el -eeeeee- 96.1 cm-!
I5Np 0.030211 0.005212 -8.3E-05 -0.02 -8.6 E-04 -0.08
d;Im . 0.030017 0.005071 -0.0032 -0.74 -0.0145 -14
54Fe 0.03109 0.005205 0.0143 3.30 0.0015 0.14

Six-body model

The six-body model for a heme- ax1al -ligand complex has C,, symmetry. We
treat the porphyrin ring as consisting of four pyrrole nitrogens (N,,N;, N¢, and Np) of
appropriate equivalent mass, one iron, and one axial atom with the equivalent mass of
imidazole.

6 atoms x 3 degrees of freedom = 18 degrees of ffeedom
E >2C47 C. 20, 204
18 2 2 4 2
A=(8+4+2+8+48=4 -
Ay=(18+4-2-8-4)/8=1
By =(18-4-2+8-4)8 =2
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B, =(18-4-2-8+4)/8=1
E=36+0+4)/8=5
F=4A +1A;+2B;+1B; +5E

For translation take away 1 E and 1 A;

For rotation take away 1 Eand 1 A,
Tvip = 3 A; + 2 B; + 1By + 3 E or 12 normal modes
IRiman = 3A;+2B;+ 1B, +3E
_ Definition of internal coordinates
Ady is the displacement of nitrogen A with respect to iron (etc.)
There aré five total displacement internal coordinates.
AOAB is the angle of Na-Fe-Ng (etc.) |
There are eight possible angles.
For the equatorial displacements
E 2Cs C, 20, 204
4 0 0 4 0
['Eqpis = A1+ By + E
For the axial displacement
E 2C4 G 20, 204
1 1 1 1 1
Faxpis = Al
For the equatorial angles
E 2C C 20, 204
4 0 0 0 4

1—-EqAnglc =A +B+E :

For the axial angles
E 2C4 Cz . 20V 20’d
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E 2C4 G 20y 204

IqA‘<D15 Al

For the equatorial angles
E 2C4 G 26y 204
4 0 0 0 4

I'eqangle = A1+ By +E

For the axial angles
E 2C4 G 20y 204
4 0 0 4 0

I“A‘(Ax.lgle=Al'*'Bl"'E

~ Projection operators to generate symmetry coordinates for normal modes.
PAI-AGAB' = 1/2(ABaB + AB¢cp + ABpc + ABpa)
PAL Adp = 1/2(Ada + Adg + Adc + Adp)
PAI Ady = Ady |
pAl ABax = 1/2(ABax + ABgx + ABcx + ABpx)
The two type of angle deformation have at least one redundant angle so ABpj, is removed.
P52 AGp = 1/2(ABaB - ABRC + ABcp - ABpa)
PB2 Ady = Ada - Adg + Adc - Adp =0

PB2Adg =0 |
pB2 ABax = ABax - ABpx + ABcx - ABpx =10
pBI ABag =0
PBI Ada = 1/2(Ada - Adg + Adc - Adp)
PBl Ady =0

PB1 Ay = 1/2(ABax - AOpx + ABcx - ABpx)

PE ABap = 1/212(AB A - AOcD)

PE ABgc = 1/21%(ABgc - ABpA)

PE Ada = 17212(Ad, - Ado)

PE Adg = 1/2"*(Adg - Adp)

PEAdx=0 :
PE ABax = 172'2(A0ax - ABCx)

PE ABpx = 1/2"2(AeBx ABpx)
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Based on these symmetry coordinates the U-matrix is:

ABax ABpx ABcx AGD){ ABap ABpc ABcp Ada Adg  Adc  Adp Ady

0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 12 12 12 11 0
. 0 0 0 0 0 0 0 12 -12 112 1200
. 0 0 0 0 0 0 0 2 0 -2 o 0

0 0 0 0 0 0 0 0 2 0 20

0 0 0 0 12 12 12 0 0 0 0 0

0 0 0 0 1/r2 0 A2 o 0 0 0 0

0 . 0 0 0 0 1/st2 0 0 0 0 0 0

12 172 12 112 0 0 0 0 0 0 0 0

172 -2 12 ‘120 0 0 0 0 0 0 0

2 0 -1/s2 00 0 0 0 0 0 0o .0 0

0 1/r2 0 -2 0 0 0 0 0 0 0 0

The f-matrix is:

faex 0 0 0 faoax fasax fasax faseax o0 0 0 0 0

0 fascx 0 0 faoax faeax faeax fasax o 0 0. 0 0

0 0 fapx 0 faoax fapax fasax fapax o 0 0 0 0

0 0 0 faox  faeax  faeax fasax fasax o 0 0 0 0

faoax faeax faoax faeax faea o 0 0 0 0 0 0 0

faeax faoax faeax faeax 0 faea o 0 0 0 0 0 0

fasax faeax faeax faeax o 0 fapAa 0 0 0 0 0 0

faeax fapax faeax faeax o 0 0 faba 0 0 0 0 0

0 0 0 0 - 0 0 0 0 fasa 0 0 0 fadax

0 0 0 0 0 0 -0 0 0 fada © 0 fadax

0 0 0 0 0 0 0 0 0 0 fada 0 fadax

0 0 0 0 0 0 0 0 0 0 0 fada  fadAx.
0 0 0 0 0 0 0 0 fadax fadax fadax fadax fadx
The U' matrix is:

0 0 0 0 0 0 0 0 0 12 112 /2 0
0 0 0 0 0 0 0 0 0 12 120 1/r2
0 0 0 0 0 0 0 o0 0 12 12  -Ur2 0
0 0 0 0 0 0 0 - 0 0 172 ‘120 -Ur2
0 0 0 0 0 1/2 12 /2 0 0 0 0 0
0 0 0 0 0 1/2 12000 172 0 0 -0 0
0 0 0 0 0 172 12 U2 0 0 0 0 .0
0 0 0 0 0 172 ‘120 /12 0 0 0 0 -
0 12 12 2 0 0 0 0 0 0 0 0 0

0 172 12 0 /2 o0 0 0 0 0 0 0 0

0 12 112 ‘200 0 0 0 0 0 0 0 0

-0 12 1200 20 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0
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The F-matrix is:

fadx  2fagax O

2fadax fada
0 0
. o 0
' .0 0
0 0
0 0
0 0
0 0
0. 0
0 0
0 0
0 0

C O OO OO OO OO

0

g

©Soocococooccoomooo

&

dA

We wish to calculate G = UgU' whefe g is:

AeAx‘A

ABpx
Abcx
ABpx
ABap
ABpc
ABcp
ABpa
Adp
Adp
Adc
Adp
Adyg

ABax
84>
8447
84
844
oy
8oyl
8¢
844"

: grd)z

grd)l
& 1
Erd 1
gry?

ABpx
8647
8443
2o4”
840”

: g¢¢.1

1
1
1

So¢
8oo'
8o¢'
8r¢1
grq‘>2 :
grd)l
grdal
grd:z

Abcx
8o
2442

860>
8oo?

ABpx

8447
267
gop”

8o

ABaB

8s¢"
8o’
84"
8o¢'!
860>
ot
8o0?
84¢”

Abpc

264
8!

8o¢'!

8¢
8¢
84
gog”
Erd
gr¢2
grd>2
Ero !
Zrd 1

11

C OO COoOOoO

S OO

C OO CcCOoOoOoOC

OI;":
4]
>

ABpa

8!
8ot
goo'!
go¢'
844
g4
8442
8¢
grtbz
Ero !
grd)
gr¢2
grcbl

- B

fABAX

OO O L2 OO0 OCOCO

© th
&)
<

[ 2 o)

Ada
gr(b2

gnbl

Erd
grcbl '
gr¢2
&ro 1
grcbl :
Erd
g’
grr!

g

grr

Brd

OO C OO OO OO O

© O
[
S

Adp
Erd
gr¢2
ro
Ero 1
grd)z

2308
Bro-
gl
g2
g
g
&

C OO0 OOCODOOCOO

faex

Adc
gro 1
Erd !
grd)z

' grtb]

8r¢1
gr¢2
gr¢2
grd)1

gt

gr!

, g

!
grr']

OO0 CO OO0

faex

AdD
gr&)l
grcb]
Erp !
grd)z
gr¢l
8rq>‘
8r¢2
grdpz

ua o o
)

4 A
B SR

[4)¢}
o)
1.



The A, symmetry block is:

fadx
20adAX
0

0

grr2

2g,!
2gr!
8r¢2

We can eliminate the redundant coordinate at this I'Joint.‘ Itis ABA.

fadx
2fadax
0

167 0

0 167

0 . O
g’
28!
28542
0.03255

-0.0068
-0.01668

for fAdX

gl Epltu2 =

for fAdA

gr?A = 3 + o = 1/122 + 1/56 = (0.008196) + (0.01785) = 0.02604

2faax
fada
0

0

2g!

8 +3ger!
2(grp+8r))
gr¢2+38r¢1 ~

2fAAX

- fada

0
0

0
0.83

2g!

gr?A+3gy!

gry2Ae3gpy)]

-0.0068
0.01584
-0.008389

for fAdA and fAdX

grr'l = 12 cosd = 1/56 cos (101. 04) = (0. 01785)( -0.191) = -0.0034

for fAdA and fAOX

grd)l p13 K3 sing cost=0

for fAdx and fAGX

© 2000 American Chemical Society, J. Phys. Chem.

0
0

fABA
4fA0AX

2gr¢1
2(gr¢,‘+g,¢2)
84> 3844
48!

0
0

faex

grp2A+3gry!
g¢¢3+3 g¢¢.2

-0.01668

--0.008389

0.0149

0
0

4fp0AX
faox

2gr42
Bro+3gnp!
4gpy"
804> +380¢7

1/68 + 1/56 = (0.01470) + (0.01785) = 0.03255

12
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grd? = - p23 u2 sind = -(1/2.1)(1/56) sin (101.04) = -(0.4'761)‘(0_.01785)(0.98 1) =-0.008340

for fAdA and fAOX _
gr¢2A =-p]2 K2 sing = -(1/2.088)(1/56) sin (101.04) = -(0.4789)(0.01785)(0.981) = -0.008389

© forfAex

g9p> = p12%u11 + p23% 13 + (p12% + p23? - 2p12p23cosd)u2 = (1/122)(1/2.088)"2 + (1/68)(1/2.1)"2 -
(0.008196)(0.2293) + (0.01470)(0.2267) + (0.2293 + 0.2267 - 0.4561 (-0.191))(0.01785) = 0.01490

_ g¢¢,'2 = 0 because the dihedral angle between the pl’anes is 90 degrees and therefore cos tis zero.

Make the following identifications."
1 = pyrrole nitrogens '
2 =iron

3 = axial ligand

v

r is the iron doming coordinate (i.e. relative to the plane of the pyrrole nitrogens)

Note that ¢ = & - n where n = arccos r/b.or arctan y/r
In fact the length x and z are irrelevant for determination of the angle.

13
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Soify=2.05Aandr=0.4 A then y/r =5.125
n =178.959 '
b =101.04

cos$ =-0.191
sin ¢ = 0.981

Assuming that x = 2.5 A then b = V(" + y*) =2.088 A
x = 2.5 A means that the iron axial ligand bond is 2.1 A.

fadx 2fAAX: 0
2fadax fada 0

0 0 faex
g’ 2! 2g14?
28! ge?Ae3gel g?d
grp2 gre2t 800>

The FG Matrix is the product of these two.

The 38-body model

Although the addition of interaction force constants and torsional force constants
could be used to refine the force field we find that this is not warranted. We present no
quantitative conclusions for such modeling because there is no justification for introducing
a greater number of parameters based on the present experimental data. Qualitatively, the
effect of introducing'out-of-plane force constants (3) is to introduce significant mixing of
porphyrin doming and ruffling coordinates into the normal modes that involve the iron-
axial-ligand stretch. If the motion of the axial ligand is purely axial then the ruffling
coordinate does not contribute by symmetry, however, ruffling can cause mixing of
nominally in-plane internal coordinates with off-axis tilting of the ligand. By including
these internal coordinates the pyrrole 19N isotope effect begins to become much larger
than the values of 0.2 - 0.4 cm-! for modes A and B shown in Table 6. The experimental
data rule out larger isotope effects. The recent observation that proteins enforce
distortions along the low frequency saddling, ruffling, and doming vibrational modes
suggests a significant constraint exists on these degrees of freedom. (2) It is possible that
torsional degrees of freedom in crystal or solution may be significantly different than in
proteins.‘ Our results suggest that porphyrin torsions w:quld almost necessarily lead to an
‘isotope effect for "N substituted porphyrins in myoglobin, contrary to experiméntal
observation. (1) The view of the iron-axial-ligand mode that emerges from our analysis is

14
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of a structurally figid porphyrin with significant ligand bending in a mode that is
approximately 50% an iron-ligand stretch.

The experimental evidence for a protein‘ role in enforcing distortions of
metalloporphyrins has been presented. The globins (including H93G myoglobin studied
here) have a known domed structure that is enforced by the protein and the interplay
‘between protein structure in the R and T state of hemoglobins. The domed heme of the T
state lowers the iron-histidine mode frequency. The lowering of the frequency may occur
due to off-axis tilting that increases anharmonic coupling to low frequency bending modes.
It is remarkable that the frequency lowering in the T state of two different types of
hemoglobins are similar in spite of different mechanisms for enforcing the T state. (4) This
observations suggests a key role for the heme geometry. Peroxidases have an enforced
saddled conformation of the heme and this may affect the mixing of the porphyrin out-of-
plane modes and axial-ligand stretching. (2) These examples serve to indicate the
importance of structural constraints on out-of-plane torsional and wagging internal
coordinates. _ '

The 38-body model applied here uses the SVIB program available from the
Quantum Chemistry Program Exchange. The parameters used in a representative input
file are given below. No hydrogens are included. The carbons in the imidazole ring were
pseudo-atoms with a mass of 13 a.m.u. (carbon plus hydrogen). The eight peripheral
substituents in the B-position are pseudo-atoms with a mass 24 a.m.u. This number was
chosen for consistency with the three-body and six-body models and represents an average
number for the methyl, vinyl, and propionate substituents of heme. The pafameters that
were varied systematically in the model calculations are shown in bold in the input file.
The masses were altered to model the isotope effect. For example, the pyrrole nitrogen

isotope effect was modeled by replacing:

XMATRX 3 2.027970 -0.077730 -0.115320 14.000000 NA
XKMATRX 4 -0.043490 -2.101650 -0.245570 14.000000 NB |
XMATRX 5 -2.058600 -0.028090 -0.430350 14.000000 NC
XKMATRX 6 0.015760 1.998760 —-0.300210 14.000000 ND
with

XMATRX 3 2.027970 -0.077730 -0.115320 15.000000 NA .
XMATRX 4 -0.043490 -2.101650 —-0.245570 15.000000 NB
XMATRX 5 -2.058600 -0.028080 -0.430350 15.000000 NC
XMATRX )

0.015760 = 1.998760 -0.300210 15.000000 ND

Sample input file for SVIB

e L 2 2 R A R R R E R R TR RS E R R RS AR RS RS SRR R R R R RE R RS AR

SPV_VERSION 100
HEADER

15
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COMPND im_heme_model

XMATRX .819680 -1.194340 ~0.082010 12.000000

ISOTOP Na_ , v
‘REMARK File created by franzen on Tue Apr 29 15:14:36 PDT 1997
COMMENT # Hcoord Ycoord Zcoord AtomMass Atomtype
XMATRX 1 -0.031260 -0.049220 -0.056900 56.000000 FE___
XMATRX 2 -0.191350 -0.019700 2.027460 14.000000 NX

. XMATRX 3 2.027970 -0.077730 -0.115320 14.000000 NA __

. " XMATRX 4 -0.043490 -2.101650 -0.245570 14.000000 NB
XMATRX 5 -2.058600 -0.028090 -0.430350 14.000000 NC
XMATRX 6 0.015760 1.998760 -0.300210 14.000000

7
;]

XMATRX .196500 -0.793220 0.032530 12.000000
XMATRX .220420 0.556410 0.070200 12.000000
XMATRX 10 2.858520 1.012740 -0.063270 12.000000

0
2
4
4
2
XMATRX 11 2.372150 -2.507660 -0.137740 12.000000
1
0
0
1

w0

XMATRX - 12 -1.153830 -2.902510 -0.324430 12.000000
XMATRX 13 -0.738120 -4.282420 -0.267610 12.000000
XMATRX 14 .612230 -4.295360 -0.228850 12.000000
XMATRX 15 .050500 -2.925130 -0.202400 12.000000
XMATRX 16 -2.462830 -2.451130 -0.456250 12.000000
XMATRX 17 -2.843870 .086340 -0.558280 12.000000 .
XMATRX 18 -4.219420 .675860 -0.682070 12.000000 C1
XMATRX 19 -4.245320 .679980 -0.707970 12.000000 Cl::
XMATRX - 20 -2.882560 .123260 -0.518070 12.000000 C1___
XMATRX 21 -2.387760 .400640 -0.575130 12.000000 C1
XMATRX 22 1.134190 .791280 -0.256680 12.000000 C1
XMATRX 23 0.730870 .171100 -0.348380 12.000000 Cl::
XMATRX 24 -0.613730 .1973%0 -0.524750 12.000000 C1
XMATRX 25 -1.066260 .825680 -0.461960 12.000000 Cl::
XMATRX 26 2.445540 .338450 -0.138220 24.000000 C2 ©
XMATRX 27 0.526410 .750420 2.860610 13.000000 C2::9
XMATRX 28 0.148630 .492430 4.122550 15.000000 NY
XMATRX 29 -0.811120 -0.442810 4.093050 13.000000 €3 ©
XMATRX 30 -1.027190 -0.768080 2.761230 13.000000 C3::1
XMATRX 31 -1.630010 -5.472330 -0.311000 24.000000 C2__ 1
XMATRX 32 5.431970 1.413520 '0.169420 24.000000 c2__2
XMATRX 33, 1.643290 5.345680 -0.255670 24.000000 Cc2__ 3
XMATRX 34 -5.391020- 1.593650 -0.758170 24.000000 c2__ 4
XMATRX 35 -1.439490 5.283660 -0.715290 24.000000 c2_ 5
XMATRX '36 -5.324950 -1.521150 -0.865910 24.000000 Cc2 6
7
8

NRRRERERE

naaoaaaoaoaoaonn=
W0 U W N = O

(@]
=
WCOIRARUVHE WD O

. [
OQOMNNBBNNRFOORK

XMATRX 37 1.501520 -5.4965%90 -0.175850 24.000000 c2
XMATRX 38 .5.357390 -1.726490 0.154370 24.000000 C2

COMMENT # Atom Numbers of connected atoms
CONECT 1 4 3 (3] 5 2 0
CONECT 2 1 27 30 0 0 0
CONECT 3 1 7 10 0 0 0
CONECT 4 1 12 15 0 0 0
CONECT 5 1 17 20 0 0 0
CONECT 6 1 22 25 "0 0 0
CONECT 7 3 8 11 0 0 0
CONECT 8 7 9 38 0 0 0
CONECT . 9 8 10 32 0 0 0
CONECT 10 3 9 26 0 0 0
CONECT 11 7 15 0 0 0 0
CONECT - 12 q 13 16 0 0 0 .
CONECT 13 12 14 31 0 0 0 .
CONECT 14 13 15 37 0 0 0

- CONECT 15 4 11 14 0 0 0
CONECT 16 12 20 0 0 0 0
CONECT 17 5 18 21 0 0 0

o
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CONECT 18 17 19 34
CONECT 19 18 20 36

0 0 0
0 0 0
CONECT 20 5 16 - 19 0 0 0
CONECT 21 17 25 0 0 0 0
CONECT 22 6 23 26 0 0 0
CONECT 23 22 24 33 0 .0 0
v CONECT 24 23 25 35 0 0 0
. . CONECT 25 6 21 24 0 0 0
CONECT 26 10 22 0 0 0 0
CONECT 27 2 28 0 0 0 0
CONECT 28 27 29 0 0o 0 0
CONECT 29 28 30 0 0 0 0
CONECT 30 2 29 0 o 0 0
CONECT 31 13 0 0 0 0 0
CONECT 32 9 0 0 0 0 0
CONECT 33 23 0 0 0 0 0
CONECT 34 18 0 0 0 0 0
CONECT .35 24 0 0 o 0 0
CONECT 36 19 0 0 0 0 0
CONECT 37 14 0 0 0 0 0
CONECT 38 8 0 0 0 0 0 :
COMMENT # TForceConstant LowerBound Upperbound Descriptivelabe
DIF FC 1 6.980 0.000 0.000 K(Cl0C14)
DIF_FC 2 6.980 0.000 0.000 K(ClOC6_)
DIF FC 3 -5.430 0.000 - 0.000 K(Clicl2)
DIF_FC 4 6.980 0.000 0.000 K(Cl1Cl5)
DIF_FC 5 5.640 0.000 0.000 K(ClINC_ )
DIF_FC 6 7.120 0.000 0.000 K(Cl2C13)
DIF FC 7 4.200 0.000 0.000 K(C12C24)
DIF_FC 8 5.430 0.000 0.000 K(Cl3Cl4) -
DIF FC 9 4.200 0.000 0.000 K(C13C26)
DIF FC 10 5.640 0.000 _ 0.000 K(C14NC_)
DIF FC 11 6.980 0.000 0.000 K(C15C19)
DIF FC 12 5.430 0.000 0.000 K(C16C17)
DIF FC 13 6.980 0.000 0.000 K(C16C20)
DIF FC 14 5.640 0.000 0.000 K(C16ND_)
DIF_FC 15 7.120 0.000 0.000 K({C17C18)
DIF FC 16 4.200 0.000 0.000 K(C17C23)
DIF FC 17 5.430 0.000 0.000 K(Cl18Cl19)
DIF_ FC 18 4.200 0.000 0.000 K(C18C25)
DIF FC 19 5.640 0.000 0.000 K(C1S9ND )
DIF FC 20 5.430 0.000 0.000 K(Cl Cc2 )
DIF FC 21 6.980 0.000 0.000 K(Cl_C5_)
DIF FC 22 5.640 0.000 ~ 0.000 K(Cl.NA )
DIF FC 23 6.980 0.000 0.000 K(C20C4 )
DIF_FC 24 4.200 0.000 0.000 K(C21C7_)
DIF_FC 25 4.200 0.000 0.000 K{cz22c3 )
DIF FC 26 4.200 0.000 0.000 K({(C27C8_)
DIF FC 27 4.200 0.000 0.000 K(C28C2_)
'DIF_FC 28 7.560 0.000 0.000 K(C29NX_)
DIF FC 29 6.060 0.000 0.000 K(C29NY )
DIF FC 30 7.120 0.000 0.000 K(C2_C3)
DIF FC 31 8.130 0.000 0.000 K{(C30C31)
DIF_FC 32 5.300 0.000 0.000 K(C3ONY_ )
DIF_ FC 33 5.070  0.000 . 0.000 K(C3INX_)*
DIF FC 34 5.430 0.000 . 0.000 K(C3_c4_) -
DIF FC 35 5.640 0.000 0.000 K(C4_NA )
DIF_ FC 36 6.980 0.000 0.000 K(C5_C9_)
DIF_FC 37 5.430 0.000 0.000 K(C6_C7_)
DIF_ FC 38 5.640 0.000 0.000 K(C6_NB_)

17
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.000  0.000 K(C7_C8_)

DIF_FC 39 7.120 0 0 _
DIF_FC 40 5.430 0.000 0.000 K(C8_C9 )
DIF_FC 41 5.640 0.000 ~0.000 K(C9_NB_)
DIF_FC. 42 1.000 0.000 0.000 K(FE_NA )
DIF FC 43 1.000 0.000 0.000 K(FE_NB )
DIF_FC 44 1.000 0.000 0.000 K(FE_NC_)
«  DIF FC 45 1.000 0.000 0.000 K(FE_ND_)

« ~DIF FC 46 1.000 0.000 0.000 K(FE_NX_)
DIF_ FC 47 0.830 0.000 0.000 H(CLOC14C13)
DIF_FC 48 0.830 0.000 0.000 H(Cl0C14NC )
DIF_FC 49 0.830 0.000  0.000 H(Cl0C6 C7_)
DIF_FC 50 0.830 0.000 0.000 H(Cl0C6 _NB_)
DIF_ FC 51 1.370 0.000 0.000 H(CllCl2C13)
DIF_ FC 52 1.200 0.000 0.000 H(Cl1lc12C24)
DIF FC 53 1.100 0.000 0.000 H(C11C15C19)
DIF_FC 54 1.620 0.000 0.000 H(CLLNC_C14)
DIF_FC 55 0.300 0.000 0.000 H(CLINC_FE )
DIF_FC - 56 0.830 0.000 - 0.000 H(Cl2C1IC15)
DIF_FC 57 1.370 0.000 0.000 H(C12C11NC )
DIF FC 58 1.370 0.000 0.000 H(Cl2C13C14)
DIF FC 59 1.200 0.000 0.000 H(C12C13C26)
DIF FC 60 1.200 0.000 0.000 H(C13C12C24)
DIF_FC 61 1.370 0.000 0.000 H(C13Cl4NC )
DIF FC 62 1.100 0.000 0.000 H(Cl4C1l0C6 )
DIF FC 63 1.200 0.000 0.000 H(Cl4C13C286)
DIF_FC 64 0.300 0.000 0.000 H(Cl4NC FE ) .
DIF FC 65 0.830 0.000 0.000 H(C15CLINC )
DIF.FC 66 0.830 0.000 0.000 H{C15C19C18)
DIF_FC 67 0.830 0.000 0.000 H(C15C19ND )
DIF_FC 68 1.370 0.000 0.000 H(C16C17C18)
DIF_FC 69 1.200 0.000 0.000 H(Cl6Cl7C23)
DIF FC 70 1.100 - 0.000 0.000 H(C16C20C4 )
DIF_FC 71 1.620 0.000 0.000 H(C16ND C19)
DIF_FC 72 0.300 0.000 0.000 H(Cl6ND_FE_)
DIF_ FC 73 0.830 0.000 0.000 H(C17C16C20)
DIF_FC 74 1.370 0.000 0.000 H(CL7C16ND )
DIF FC 75 1.370 0.000 0.000 H(C17C18C19)
DIF_ FC 76 1.200 0.000 0.000 H(C17C18C25)
DIF_FC 77 1.200 0.000 0.000 H(C18C17C23)
DIF FC . 78 1.370 0.000 0.000 H(CL8C19ND )
DIF_ FC 79 1.200 0.000 0.000 H(Cl9C18C25)
DIF_ FC 80 0.300 0.000 0.000 H(C19ND_FE )
DIF_ FC 81 1.200 0.000 0.000 H(Cl C2 C28)
DIF_FC 82 1.370 0.000 0.000 H(Cl c2 c3 )
DIF_FC 83 1.100 0.000 - 0.000 H(Cl_C5 C9 )
DIF_ FC 84 1.620 0.000 0.000 H(Cl NA c4 )
DIF_FC 85 0.300 0.000 - 0.000 H(Cl_NA_FE )
DIF_FC 86 0.830 0.000 0.000 H(C20C16ND )
DIF_FC 87 .0.830 - 0.000 0.000 H(C20C4_C3))
DIF_FC 88 0.830 0.000 0.000 H(C20C4_NA_)
DIF_FC 89 1.200 0.000 0.000 H(C21C7_C6 )
DIF_ FC 90 1.200 0.000 0.000 H(C21C7_C8_)
DIF_ FC 91 1.200 0.000 0.000 H(C22Cc3_c2 )
DIF_ FC 92 1.200 0.000 0.000 H(C22C3 C4_)
DIF_FC 93 1.200 0.000 0.000 H(C27C8_CT )
DIF_FC 94 1.200 0.000 0.000 H(C27C8.CY )
DIF_ FC 95 1.200 0.000 0.000 H(C28Cc2_C3 )
DIF_FC 96 1.200 0.000 0.000 H(C29NX_C31)
DIF_FC 97 1.200 0.000 0.000 H(C29NX_FE )

18
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DIF_FC 98 1.200 0.000 0.000 H(C29NY_C30)
DIF_FC 99 0.830 0.000 ~0.000 H(C2 C1 C5 )
DIF_FC 100 1.370 0.000 0.000 H(C2_C1 NA)
DIF_FC 101 1.370 0.000 0.000 H(C2 C3 C4 )
DIF_FC 102 1.620 0.000 0.000 H(c30C3InNx)
DIF_FC 103 1.370 0.000 0.000 H(C31C30NY )

. "DIF_FC 104 0.300 0.000 0.000 H(C3INX_FE_).
DIF_FC 105 1.370 - 0.000 0.000 H(C3 _C4 _NA )~

' DIF_FC 106 0.300 0.000 0.000 H(C4_NA_FE )
DIF_FC 107 1.370 0.000 0.000 H(C5 Cl_NA_)
DIF_FC 108 0.830 0.000 .0.000 H(C5 C9_C8 )
DIF_FC 109 0.830 = 0.000 0.000 H(C5 C9 NB )
DIF_FC 110 1.370 0.000 0.000 H(C6_C7_C8_)
DIF_FC 111 1.620 0.000 0.000 H(C6 _NB C9 )
DIF_FC 112 0.300 0.000 0.000 H(C6 _NB_FE )
DIF_FC 113 1.370 0.000 0.000 H(C7_C6_NB )
DIF_FC 114 1.370 0.000 0.000 H(C7_c8 €9 )
DIF_FC 115 1.370 0.000 ' 0.000 H(C8_C9_NB )
DIF_FC 116 0.300 0.000 0.000 H(C9_NB_FE )
DIF_FC 117 '0.250 0.000 - 0.000 H(NA_FE NB_)
DIF_FC 118 0.250 0.000 0.000 H(NA_FE_ND_)
DIF_FC 119 0.300 0.000  0.000 H(NA_FE NX )
DIF_FC 120 0.250 0.000 0.000 H(NB_FE NC_)
DIF_FC 121 0.300 0.000 0.000 H(NB_FE NX_)
DIF_FC 122 0.250 0.000 0.000 H(NC_FE _ND )
DIF_FC 123 0.300 0.000 0.000 H(NC_FE NX )
DIF_FC 124 0.300 0.000 0.000 H(ND_FE NX )
DIF FC 125 1.400 0.000 0.000 H(NX_C29NY )
COMMENT # Typ ICL IC2 Atl At2 At3 At4AtS5 At6 At7 At8 ScaleF FC#
Not.used. )
FMATRX 1 1 1 1 16-20 0O 0 O O 0 .0 1.0000 1
K(C10C14) _ :
FMATRX 2 1 2 2 12-16 0 0 O O O 0 1.0000 2
K(C10C6_) ' : :
FMATRX 3 1 3 3 17-18 0 0 0 0 0 0 1.0000 3
K(C11c12) '
'FMATRX 4 1 4 4 17-21 0 0 0 0O O 0 1.0000 4
« K(C11lCcl15) - : ‘ - ’

FMATRX 5 1 5 5 5-17 0 0 0 ©0 ©0 0 1.0000 5
K(C11NC_) . ‘ :
FMATRX 6 1 6 6 18-19 0O 0 O O O 0 1.0000 6
K(C12C13) » '
FMATRX 7 1 7 7 18-34 0 0 0 0 0 0 1.0000 7
K(C12c24)
FMATRX g8 .1 8 8 19-20 O O O O O O 1.0000 8
K(C13C14)
FMATRX 9 1 ¢ 9 19-36 0 0 0O O O 0 1.0000 ' 9
K(C13C26) : : :
FMATRX 10 1 10 10 5-200 0 O O O O 0 1.0000 10
K(C14NC_) : v :
FMATRX - 11- 1 11 11 21-25 0 0 O O O O 1.0000 11
K(C15C19) ‘ :
FMATRX 12 1 12 12 22-23 ©0. 0 O 0 O O 1.0000 12
K(C16C17) . '
FMATRX 13 1 .13 13 22-26 0 0 0 O O 0 1.0000 13
K(C16C20) .
FMATRX 14 1 14 14 6-22 0 0 0O 0O 0 O 1.0000 14
K(C16ND ) -

19
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FMATRX 15 1 15 15 23- 24 0o 0 0 0 0 0 1.0000 15

K(C17C18)
FMATRX 16 1 16 16 23-33 0 0 0 0 0 0 1.0000 16
K(Cl17C23) o
FMATRX 17 1 17 17 24-25 0 0 O O 0 0 1.0000 17
K(C18C19) -

. FMATRX 18 1 18 18 24-35 0 0 0O 0 0 0 1.0000 18
K(C18C25)

' FMATRX 19 1 19 19 6-25 0 0 0O O 0 O 1.0000 19

K(C19ND_) .
FMATRX 20 1 20 20 7- 8 0 O O .0 O O 1.0000 20
K(Cl_C2_)
FMATRX 21 1 21 21 7-11 0 0 O O O O 1.0000 21
K(Cl_C5_)
FMATRX 22 1 22 22 3- 7 0 0 0 0 0 O 1.,0000 22
K(Cl_NA ) - _
FMATRX 23 1 23 23 10-26 ‘0 0 O O 0 O 1.0000 23
K(C20C4 ) _
FMATRX 24 1 24 24 13-31 0 ©0 O 0 0 0 1.0000 24
K(c21c7_) . '
FMATRX 25 1 25 25 9-32 0 0 0O ©0 O O 1.0000 25
K(C22C3_) '
FMATRX 26 1 26 26 14-37 0 0 0 0 0 0 1.0000 26

- K(C27C8_Y
FMATRX 27 1 27 27 8-38 0 0 0 0 0 0 1.0000 27
K(C28C2_)
FMATRX 28 1 28 28 2-27 0 0 0 O O O 1.0000 28
K(C29NX ) :
FMATRX 29 1 29 29 27-28 O 0 O O O O 1.0000 29
K(C29NY )
FMATRXK 30 1 30 30 8- % 0 0 0 O 0 0 1.0000 30
K(c2 ¢3 ) _
FMATRX 31 1 31 31 29-30 0 0 0O O 0 O 1.0000 31
K(C30C31) :
FMATRX 32 1 32 32 28-29. 0 0 0 0 0 0 1.0000 32
K (C30NY ) :
FMATRX 33 1 33 33 2-30 0 0 0 O 0 0 1.0000 33
K(C31NX ) ' :
FMATRX 34 1 34 34 9-10 O 0 0 0 0 O 1.0000 34
K(C3_c4 ) _
FMATRX 35 1 35 35 3-10 ©0 0 O 0O O 0 1.0000 35
K(C4_NA ) S
FMATRX 36 1 36 36 11-15 0 0 0 0 0 0 1.0000 36
K(C5 _C9_) ' '
FMATRX 37 1 37 37 12-13 0 0 0 0 0 0 1.0000 37
K(C6 _C7_) , -
FMATRX 38 1 38 38 4-12 0 0 0 0 0 0 1.0000 38
K(C6 NB ) ' o
FMATRXK ~ 39 1 39 39 13-14 0 0 O 0 0 Q 1.0000 39
K(C7_C8_)
FMATRX 40 1 40 40 14-15 0 0 0. 0 0 O 1.0000 40
K(C8_C9_) ‘ : _
FMATRX 41 1 41 41 4-15 0 0 0 O 0 0 1.0000 41
"K(C9_NB_)
FMATRX 42 1 42 42 '1- 3 0 0 0 .0 0 0 1.0000 42
K(FE_NA ) .
FMATRX 43 1 43 43 1- 4 O 0 O O 0O 0 1.0000 43
K(FE_NB_) '
FMATRX 44 1 44 44 1- 5 0 0 0 0O 0 0 1.0000 44
K(FE_NC_)

20
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FMATRX 45 1 45 45 1- 6 0 0 0 o 0 0 1.0000 45

K(FE_ND_)
FMATRX ~ 46 1 46 46 1- 2 0 0 0 0 0 0 1.0000 46
K(FE_NX_) o

FMATRX ~ 47 2 47 47 16-20-19 0 0 0 O 0 1.0000 47

H(C10C14C13) :
FMATRX 48 2 .48 48 5- 20- 16 0 0 0 0 0 1.0000 48
H(C10C14NC_) '

' FMATRX 49 2 49 49 13- 12- 16 ¢ .0 0 0 0 1.0000 49
H(C10C6_C7_) ' _
FMATRXK 50 2 50 50 4-12-16 0 0 0 0 0 1.0000 50
H(C10C6_NB_)
FMATRX 51 2 51 51 17-18-19 0 0 O O 0 1.0000 51
H(C11C12C13) :
FMATRX 52 2 52 52 17- 18- 34 0 0 0 0 0 1.0000 52

H(C11C12C24)
FMATRX 53 2 53 53 17-21-25 0 0 0 O O 1.0000 53
H(C11C15C19) -

FMATRX 54 2 54 54 17- 5-20 0 0 0 0 0 1.0000 54
H(C11NC_C14)

FMATRK 55 2 55 55 1- 5-17 0 0 0 ©O0 O 1.0000 55
H(C11NC_FE ) _ , o
FMATRX 56 2 56 56 18- 17-21 0 0 0 0 0 1.0000 56
H(Cl2C11C15) S

FMATRX 57 2 57 57 5-17-18 0 0 0 0 0 1.0000 57

H(C12C1INC ) v

FMATRX 58 2 58 58 18- 19~ 20 0 0 0 O 0 1.0000 58
H(C12C13C14) ,

FMATRX 59 2 59 59 18- 19- 36 0 o 0 0 0 1.0000 59
H(C12C13C26) . v :
FMATRX 60 2 60 60 19- 18- 34 0 0 0 0 0 1.0000 60
H(C13C12c24) '
FMATRX 61 2 61 61 5- 20- 19 0-0 0 0 0 1.0000 61
H(C13C1l4NC ) '
FMATRX 62 2 62 62 12- 16- 20 00 0 0 0 1.0000 62
H(C14C10C6_) ' A

FMATRX 63 2 63 63 20- 19- 36 0 O 0 0 0 1.0000 63
H(C14C13C26)

FMATRX 64 2 64 64 1- 5-20 0 0 0 0 0 1.0000 64
H{C14NC_FE_) ’ ‘

FMATRX 65 2 65 65 5- 17- 21 ¢ o 0 0 0 1.0000 65
H(C15C11NC ) '

FMATRX 66 2 66 66 21- 25-24 0 0 0 0 0 1.0000 66
H(C15C19C18) v :

FMATRX 67 2 67 67 6-25-21 0 0 0 0 O 1.0000 67
H(C15C19ND_) A - .
FMATRX 68 2 68 68 22-23-24 0 0 0 0O O 1.0000 68
H(C16C17C18) _

FMATRX 69 2 69 69 22-23-33 0 0 0 0. O 1.0000 69
H(C16C17C23)

FMATRK 70 2 70 70 10- 26- 22 ©0 0 0 0 0 1.0000 70
H(C16C20Cd ) '

FMATRX 71 2 71 71 22- 6-25 0 0 ©0 O O 1.0000 71
H(C16ND_C19) _ :
FMATRX 72 2 72 72 1- 6-22 0 0 £ 0 0 1.0000 72
H(C16ND_FE_) , _ _
FMATRX ~ 73 2 73 73 23-22-26 0 0 0 0 0 1.0000 73
H(C17C16C20) '

FMATRX 74 2 74 74 6-22-23 0 0 0 0 0 1.0000 74
H(C17C16ND_) .

21
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FMATRX 75 2 75 75 23-24-25 0 0O O O O 1.0000 75
H(C17C18C19) : _ _

FMATRA 76 2 76 176 23-24-35 0 0 0 0 0 1.0000 76
H(C17C18C25) _ - '

FMATRX 77 2 77 77 24-23-33 0 0 0 O 0 1.0000 77
H(C18C17C23) '

, FMATRX 78 2 78 78 6-25-24 0 0 0 O O 1.0000 78
H(C18C19ND_) : |
' FMATRX 79 2 79 79 25-24-35 0 0O O O 0 - 1.0000 79

H(C19C18C25) :

FMATRX 80 2 80 80 1- 6-25 0 0 O O 0 1.0000 80
H(C19ND_FE ) ’ ‘

FMATRX 61 2 81 81 7- 8-38 0 0 0. 0 0 1.0000 81
H(Cl_C2_c28) _
FMATRX 82 2 62 82 7- 8- 9 0 0 O 0 0 1.0000 82
H(Cl_C2_C3_) ' ' :
FMATRX 83 2 83 83 7-11-15 0 0 O 0 0 1.0000 83
H(C1_C5 C9 ) ' ‘
FMATRX 84 2 84 84 7- 3-.10 0 0 O O 0 1.0000 84
H(C1_NA C4. ) - '
FMATRX 85 2 85 85 1- 3- 7 0 0 0 O 0 1.0000 85
H(C1_NA_FE ) R : : :
FMATRX 86 2 86 86 6-22-26 0 0 0 0 0 1.0000 86
H(C20CL6ND_) v
FMATRX 87 2 87 87 9-10-26 0 0 0 O 0 1.0000 87
H(C20C4_C3_) . :
FMATRX 88 2 88 88 3-10-26 0 0 0O O 0 1.0000 88
H(C20C4_NA ) '

FMATRX 89 2 89 89 12-13-31 0 O O O O 1.0000 89
H(C21C7_C6 ) : : ;
FMATRX 90 2. 90 90 14-13-31 0 0 O 0 O 1.0000 90
H(C21C7_c8 ) '

FMATRX 91 2 91 91 8- 9-32 0 0 0 -0 O 1.0000 91
H(C22C3_c2_)

FMATRX 92 2 92 92 10- 9-32 0 0O O O 0O 1.0000 92
H(C22C3 C4 ) : : - :

FMATRX 93 2 93 93 13-14-37 0 0 0O O 0 1.0000 93
H(C27C8_C7_) ,

FMATRX 94 2 94 94 15- 14-37 0 0 ©0 O 0 1.0000 94
H(C27C8_C9_) - _

FMATRX 95 2 95 95 9- 8-38 0 0 0 O O 1.0000 95
H(C28C2_C3 ) '

FMATRX 96 2 96 96 27- 2-30 0 0 O O 0 '1.0000 96
H(C29NX_C31) ' ' :
FMATRX ~ 97 2 97 97 1- 2-27 0 0 0 O 0 1.0000 97

H(C29NX_FE_) .

FMATRX 98 2 98 98 27-28-29 0 O O O O 1.0000 98
H(C29NY_C30) .

FMATRX 99 2 99 99 8- 7-11 0 0 0O 0 0 1.0000 99
H(C2_C1_c5_) ‘ ' . :
FMATRX 100 2 100 100 3- 7- 8 0 O O O 0 1.0000 100

H(C2 C1 NA )

FMATRX 101 2 101 101 8- 9-10 "0 O O O O 1.0000 101
H(C2 C3_C4 ) : : : .

FMATRX 102 2 102 102 2-30-29 0 0 © O O 1.0000 . 102
H(C30C31NX ) ‘ .

FMATRX 103 2 103 103 28-29-30 0 0 0 0 O 1.0000° 103

H(C31C30NY_)

FMATRX 104 2 104 104 1- 2-30 0 0 0 O 0 1.0000 104
. H(C3INX_FE_) '
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FMATRA 105 2 105105 3-10- 9 0 O O 0 O 1.0000 105
H(C3_C4_NA ) '
FMATRX 106 2 106 106 1- 3-10 0 0 0 0 0 1.0000 106
H(C4_NA_FE ) _
FMATRX 107 2 107 107 3- 7-11 0 0 0 O 0 1.0000 107
H(C5_C1_NA ) _
FMATRX 108 2 108 108 11- 15-14 0 O O ©O0 O 1.0000 108
H(C5_Cc9_c8 ) : _
FMATRX 109 2 109 109 4- 15-11 0 0 0 0 0 1.0000 109
H(C5_C9 _NB ) : . '
FMATRX 110 . 2 110 110 12- 13- 14 ‘00 0 0 0 1.0000 110
H(C6_C7_C8_) : : - :
FMATRX 111 2 111 111 12- 4-15 0 0 ©0 0 0 1.0000 111
H(C6_NB C9 ) : ’ :
FMATRX 112 2 112 112 1- 4-12 0 0 0 0 0 1.0000 112
H(C6_NB FE ) ' v
FMATRX ~ 113 2 113 113 4-12-13 0 0 0 0 0 1.0000 113
H(C7_C6_NB ) :
FMATRX 114 2 114 114 13- 14-15 0 0 O 0 0 1.0000 114
H(C7_C8_C9_) _
FMATRX 115 2 115 115 4-15-14 0 0 .0 O 0 1.0000 115
H(CB_C9 NB_) : . '
_FMATRX 116 2 116 116 1- 4-15 0 0 0 0 0 1.0000 116
H(C9_NB_FE ) ' '
FMATRX 117 - 2 117 117 3- 1- 4 0 0 0 0 O 1.0000 117
H(NA_FE NB ) . : o
FMATRX 118 2 118 118 3- 1- 6 0 0 0O O O 1.0000 118
H(NA- FE ND ) N '
FMATRX 119 . 2,119 119" 2- 1- 3 0 0 0 . 0 0 1.0000 119
H(NA FE NX ) . ’ o
FMATRX 120 2 120120 4- 1- 5 0 0 0 0 0 1.0000 120
H(NB_FE NC )
FMATRX 121 2 121 121 2- 1- .4 0 0 0 0 0 1.0000 121
H(NB_FE_NX ) _
FMATRX 122 2 122122 5- 1- 6 0 0 0 0 0O 1.0000 122
H(NC_FE ND ) co :
FMATRX 123 2123123 2- 1- 5 0 0 ©0 O 0 1.0000 123
H(NC_FE_NX ) .
FMATRX 124 2 124 124 2- 1- 6 0 0 0 0 0 1.0000 " 124
H(ND_FE NX ) : :
FMATRX 125 2 125125 2-27-28 0 0 0 0 0O 1.0000 125
H(NX_C29NY ) : -
BEGINOBSFREQS
1 Isotope 125 labels

Mode0O0l.........
Mode002.........
Mode003.........
Mode004...... .
ModeQ0S5.........
Mode006.........
Mode007.........
Mode008...... e
Mode009.........
Mode010......... 10
ModeOll......... 11
Mode0l2....... oo 12
Mode013......... 13
Mode0l14......... 14

WO UEWN
WOV WN

T
o= Oo

oy
w
OCo0OO0O0COO0OO0OO0OO0OOOO O

14
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15 ‘Mode0l1S......... 15 0
16 ModeQl6......... 16 0
17 ModeOl1l7.....0.... 17 0]
18 ModeOl8.,..¢evewn 18 0
19 Mode019......... 19 0
20 Mode020...... e 20 0
. 21 Mode021l....00uus 21 0
. 22 Mode022....00.4.. 22 0
’ 23 Mode023......... 23 0
24 Mode024....404.. 24 0
25 Mode025......... " 25 0
26 Mode026......... 26 0
27 Mode027......... 27 0
28 Mode028....... .. 28 0
29 Mode029......... 29 0
30 Mode030......... 30 .0
31 ModeO31l......... 31 0
32 Mode032......... " 32 0
33 Mode033......... 33 0
34 Mode034......... 34 0
35 Mode035....... we. 35 0
36 Mode036....v0vun 36 0
37 Mode037...0v0enn 37 0
38 Mode038..... vee. 38 . 0
39 Mode039......... 39 0
40 Mode040......... 40 0
41 ModeO41......... 41 0
42 ModeO42......... 42 o]
43 Mode043...... ... 43 0
44 ModeO44......... 44 0
45 Mode045...... ... 45 0
46 Mode046......... .46 0
47 Mode0O47..c0veunn 47 o)
48 Mode048......... 48 0
49 Mode049......... 49 0
50 Mode050......... 50 0
51 ModeOS51......... 51 0
52 ModeQ52......... - 52 0
53 Mode053......... 53 0
" 54 Mode(0S54......... - 54 0
55 Mode055. .. .u.n.. 55 0
56 Mode056......... 56 0
57 Mode0OS57......... 57 0
58 Mode058......... 58 0
59 Mode059......... 59 0
60 Mode060......... 60 0
61 Mode06l......... 61 0
62 Mode062..... N V) 0
63 Mode(063......... 63 0
64 Mode064......... 64 0
65 Mode065......... 65 0
66 Mode066........ . 66 0
67 Mode067......... 67 0
68 Mode068......... 68 0
69 Mode069......... 69 0 -
70 Mode070......... 70 0 .
71 ModeO71......... 71 0
72 Mode072.....00. 72 0
73 Mode073......... 73 0
74 ModeQ74......4¢0. 74 0

24
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75 Mode075......... 75 0
76 Mode076......... 176 0
77 ModeO077......... 77 0
78 Mode078......... 78 . 0
79 Mode079......... 79 0.
80 Mode080......... 80 0
R 81 ModeO81......... 81 0 -
82 Mode082......... 82 0
' 83 Mode083......... 83 0
84 ModeO0B84......... 84 0
© B85 Mode085..... “.s. B85 0
86 Mode086........, 86 0
87 Mode087......... 87 0
88 Mode088......... 88 0
89 Mode089......... 89 0
90 Mode090......... 90" 0
91 Mode0S81...... Ye. 91 0
92 Mode092......... g2 0
53 Mode093......... 93 0
94 Mode094......... 94 0
95 Mode095....... +. 95 0
86 Mode096......... 96 0
97 Mode097......... .97 0
'98 Mode098......... 98 0
89 Mode09%......... 99 0
100 Model00......... 100 0
101 -ModelOl......... 101 0
102 ModelO2......... 102 0
103 ModelO3......... 103 0
104 ModelO4......... 104 0
105 ModelOS......... 105 0
106 Model06......... 106 0
107 ModelO7......... 107 0
108 ModelO8....... .. 108 0
109 Model09......... 108 O
110 ModellO......... 110 0
111 Modelll......... 111 0
112 Modell2......... 112 0
113 Modell3........ . 113 0
114 Modelld..... .. 114 0
115 ModellS......... 115 0
116 Modell6....... .. 116 0
117 Modell7......... 117 0
118 Modell8......... 118 o .
119 Modell9..... ...l 119 0
120 Model20......... 120 0
121 Model2l......... 121 0
122 Model22......... 122 0
123 Model23......... 123 0
124 Model24......... 124 -0
125 Model25......... 125 0.
ENDOBSFREQS
END

LRSS AR SRS SR AR ERER S R B R R e S U A SRV gt S A Y A A A R R A R

25
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Mode A"’ Sombrero 102.4 cm’™

19 % H(ND_FE_NX_)
19 % H(NA_FE_NX )
18 % H(NC_FE_NX_).
13 % H(NB_FE_NX )

14 % K(FE_NX)

25
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Mode A’ Doming/Breathing 205.7 cm™
20 % K(FE_NX_)
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Mode A Doming/Axial Stretching 219.7 cm™
53 % K(FE_NX_)

27
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Mode B Tilting 229.8 cm™

24 % H(C29NX_FE_)
H{C31NX_FE_)
K(FE_ND_)

K(FE_NA_)
K(FE_NC_)

~ ~1 0 © )
o o O o W

K(FE_NB_)

28
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Fittihg Procedure
The fits of the experimental line shape to two Gaussians is illustrated below for
both H93G(Im) and H93G(2-Me Im).

normalized Gaussians:

The fitting function used is a sum of two

PN ) fo-0)
F(CO)’_——‘/-—z—E'IG—Ieva———z—&%——— +‘/ﬁ_2?2-exp - 20_% .‘

Table AS5.. Fits to experimental data in the wavenumber range from 180 - 250 cm’!. A
two Gaussian model was used to fit the data” ‘ '

A

As

Ligand o] ) 2 P

1 Im 7560.01 | 223.533 | 6.18485 | 28702.7 | 227.662 | 144517
d3-Im | 7016.74 | 222.562 | 6.01776 | 29509.4 | 226.495 | 14.4745
2-Me 145366 215.856 | 11.5496 | 36045.3 238416 | 12.7852
Im

ds 2- 117985 |210.207 | 10.9328 | 60419 | 233.362 | 13.2352
Me Im :

| The ﬁts to two gaussians demonstrate the problem identified in the manuscript that the
for a two body model, while that for H93G(2-Me Im) is too large compared to the same

model. The fits are illustrated below.
T T

L — 2-Me Im
....... F|t

--- Gaussian 1
~= (Gaussian 2

Raman Intensity (a.u.)

.......
PRTis
o
ae
o
o
.
o
»e
. .
.......
.
ane®
......
eene
.........

I ! 1 1 7 ! 1 1 L
180 190 200 210 220 . 230 240 250 .
| Raman Shift (cm™y |
Figure Al. Fit of the data for H93G(2- -Me Im) to two Gaussians. Both the fit to the data

and individual gaussian components are shown.
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The fits do not change qualitatively for the perdeutero isotopomer of 2-methyl
imidazole as shown below in Figure A2.

T T | T | T T T
. I, —— H93G(d5 2-Me Im)
. /5 PN eseeeee Fit
s L ---- Gaussian 1 N
P R N N Gaussian 2
: —
)]
£
C
B I R SR Do,
el -/ T
Cc |\ £ e
m' .........
! ! 1 i ! i ! )

180 190 200 210 220 230 240 250
Raman Shift (cm™)
_ " Figure A2. Fit of the axial-ligand out-of-plane band of H93G(d5 2-Me Im) to a
two Gaussian model. | | o |
A similar situation applies for the fits to H93G(Im) and the d3 isotopomer as

shown in Figures A3 and A4 below.
T | 1 T | T I

—— H93G(Im)
....... Flt

--------- Gaussian 1
---- Gaussian 2

-
. -

Raman Intensity (arb. units)

.
o .
°® ‘e
» .
-------
............

190 200 210 220 230 240 250
| | ‘Raman Shift (cm*)

Figure A3. The fit to the axial-ligand out-of-plang band for the imidazole adduct
of H93G to a two Gaussian model. Note that the extremely broad peak centered at ca.

30
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‘\\

227 cm™ does not have a physical interpretation, however, the shift in that peak is within
0.2 cm™ of the magnitude of the smaller peak in the data for the d3-Im isotopomer

(Figure Ad). -

— H93G(d3-Im)
....... Flt

--------- Gaussian 1
---- Gaussian 2

- a
- -

Raman Intensity (‘arb. units)

.
........
. . . .
-----------

190 200 210 220 230 240 250
Raman Shift (cm™)
Figure A4. The fit of the axial- hgand out- of-plane band for H33G(d3 Im) to a

two Gaussian model.

References
1. Argade, P. V., M. Sassaroli, D. L. Rousseau, T. Inubushi, M. Tkeda-Saito, and A.

Lapidot. Conﬁrmatlon of the assignment of the iron-histidine stretching mode in
myoglobin. J. Am. Chem. Soc. 106: 6593-6596, 1984.
2. Jentzen, W., J. G. Ma, and J. A. Shelnutt. Conservation of the conformation of the
porphytin macrocycle in
hemoproteins. Biophys. J. 74: 753-763, 1998.
3. Li, X. Y., R. S. Czernuszewicz, J. R. Kincaid, and T. G. Spiro. Consistent
porphyrin force field. 3. Out-of-plane modes in the resonance Raman spectra of planar
and ruffled nickel octaethylporphyrin. J. Am. Chem. Soc. 111: 7012-7023, 1989.
4. Royer Jr., W. E., A. Pardanani, Q. H. Gibson, E. S. Peterson, and J. M. Friedman.
Ordered water molecules as key allosteric mediators in a cooperative dimeric :

hemoglobin. Proc. Natl. Acad. Sci. U. S. A. 93: 14526-14531, 1996.

31




