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The paper elucidates a simple way ooJ'dcriving the coordinates for &awing sfereo- 
&gram of molecules. This method is an alternative, but not a substitute, to the 
'ORTEP (suggested by C. K. Johnsori) which, is extensively used in the literature. 
Illustrations are given using a progrunz which was written based on the method 
mentioned here. The program is also given in an appendix for practical help. 
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The chemical activity of a molecule depends, apart from other frictors 
such as charge distribution on various atoms, upon its three-dimensional 
structure. Knowledge of this spatial distribution of atoms in a molecule 
is obtained by certain physico-chemical methods, one of the accurate appro- 
aches being the x-ray crystallographic technique. Together with the three- 
dimensional structure so obtained, it would be of added interest and an aid 
to the imagination of a stereochemist to get a perspective vision of the mole- 
cule in two dimensions. Though the thermal ellipsoid program of Johnson 
[l] is widely used by crystallographers, for want of sufficient computer 
memory, and for reasons of the enormous amount of time a plotter would 
take, we had written a simpler program (see appendix), to draw perspective, 
but skeletal diagrams of molecules. This is achieved by obtaining the appro. 
priate coordinates of the atoms from the input data using the imagiilation 
of an architectural engineer [2]. The input data could be the atomic coordi- 
nates in a Cartesian frame of reference or in a cylindrical polar reference 
system or fractions of the unit cell as generally reported in crystallographic 
studies. They could also be the internal parameters of the molecule such 
as the bond lengths, bond angles and dihedral angles from which the Carte- 
sian coordinates of the atoms could be generated. 
-C_ 
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Due to the finite distance of separation between the eyes, the details 
of a 3-dimensional object seen by the right eye are different from those seen 
by the left. If two pictures as seen by the two eyes are printed with proper 
separation between them (corresponding to the separation of the eyes) and 
if the viewer focusses his attention at  infinity, each eye sees its corresponding 
picture and these get " superimposed " in imagination to give a 
sional feeling of the object. The method adopted by Johnson to achieve 
this result is different from what the present author has used. 

According to Johnson's program [3], a model of the molecule of suitable 
size is imagined at a convenient distance of say 28" from the imaginary viewer. 
However this distance is adjustable. Then the model is given an additional 
rotation of about 2.5" to 3O, about a vertical axis, to simulate the difference 
between a central view and a lefteye view. The projection of the model 
is drawn by an incremental plotter. After completing this drawing the paper 
is advanced on the plotter and, after another appropriate rotation of the 
model, the right-eye view is drawn. It might be then reduced photograp@ 
ally. 

The principle of the method used by the author is given below. Consider 
a picture plane (Fig. 1) at a distance f from the on-looker P (stationpoint). 
Let this plane be the XY-plane of a right handed Cartesian coordinate system, 
the direction pointing towards the on-looker, and the x-axis being parallel 
to the line joining the two eyes. The molecular model of suitable size is 

. 
' PIG. 1. Principle of getthg the coordinates for stereodiagrams of moIecdes b i n g  tM 

$nagination of an architectural engineer). 
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imagined to be behind the picture plane. Consider an Atom A. The 
coordinates of this atom for perspective drzwing, as seen by the left and the 
right eye, correspond to those of A, and A, respectively. The lines PIP,, 
A,O and AB are parallel to each other. Hence 

Let PP, = PP, = E .  Since we know the coordinates for PI, P, and A, we 
calculate the coordinates of A, and A,. Thus, 

(ii) 

z = O  (iii) 

where the positive sign in the numerator of (i) is applicable for the right 
eye picture. A value of 72 .O cm and 3.5 cm for [ and 6 respectively have 
been found convenient. In case the diagrams are huge and overlap, they 
could be drawn at suitable separation and then photographically reduced 
to a convenient separation of about 6 to 7 cm between corresponding atoms. 
Alternatively, the images corresponding to the left and the right eye could 
be drawn with different colours (say red and blue ) with a common origin. 
When this pair is viewed by a pair of transparent papers of the corresponding 
colours, the diagrams again seem to superpose in the imagination to give 
the stereoview [4]. 

By way of example, we have shown in Fig. 2, the a-helical conf0rnXItion 
of he backbone of a polypeptide chain [5]. The input data for this diagram 
were ,the cylindrical polar coordinates of the atoms. While it may be d B -  

to see from the individual diagrams of the couple, whether the chain is 
he right-handed or left-hmded conformation, the stereovision clearly 

shows that this representation is in the right-handed helical conformation. 
Figure 3 gives the perspective view of a cyclic dipeptide, cyclo (L-pro-Dphe) 
[61. The input data for this. diagram were the fractional coordinates of the 
a:oms taken from the. litemture cited. It might be seen from this stereoa 
%P? that the phmyl ring of Qe side chain is stacking over the 2, 5- 



FIG. 2. Stereo p i r  of a fragme!?~ or polypeptide (back-bone) in the a-l~elicalconfo~matior. 

FIG. 3. Stereo pair of the nmlecule cyclo (D-Phe-L-Pro), showing the folded conformarion. 

diketopiperazine ring, which seems to be a. common feature in many cyclic 
dipeptiaes [7]. 
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c ORGAP IS FOR ORTHOGRAPHIC AND PERSPECTIVE DRAWING 

DhlENSlON ANAME (loo), XR (3, 100) 
DIMENSION ATOM (3), DC (3), AMAT (3, 3), XI (3, I), P (3). NROT(3), p ~ 1 ( 3 )  

COMMON A, B,C, ALFA, BETA, GAMMA, NMAX, X (7, 100) 
CONEA = 0.01745329 
READ (5,2) NSET 

WRITE (6. 2) NSET 

2 FORMAT (2014) 
DO 999 NRAM = I ,  NSET 

=AD (5,1) 
WWE (6,332) 
WRITE 6, 1) 
WRITE (6, 332) 

1 FORMAT(55 H.) 
332 FORMAT (I/) 

READ (5.2) NMAX, NRDCN, NTYPE, NVIEW 

WRITE (6,2) NMAX, NRDCN, NTYPE, NMEW 

C NMAX - MAXIMUM NO. OF ATOMS, NVIEW NO. OF VIEW OF THE MOLECULE 

C NRDCN = 1 FOR FRACTIONAL, == 2 FOR CARTECIAN, = 3 W R  CYUNDRICAL POLAR 

C NTYPE = 1 FOR OR'WOGRAPHIC AND = 2 FOR PERSPECTlVF, PROIECnoN 

READ (5,4) ZSP, EYE 

W N T E  (6, 4) ZSP, EYE 

C ZSP= ~ ~ . O C M , E Y E =  3 .5  CM. 

FORMAT (lop8 3) 
READ (5,3) (ANAME (I), (X (1, I), J = 1 ,  3). I - 1, NMAX) 

FORMAT ( ~ 4 , 3 ~ 8 '  4) 
wwre (6, 332) 
WRITE (6,333)  
FORMAT ( 2 ~ ,  ' COORDINATES ORIGINALLY GIV33N ') 

WRITE (6,332) 
WRITL (6, 31) (ANAME (I), (X (J, I), (I = 1 ,  3), I = 1, NMAX) 

FORMAT (1 X, A 4 , 3 ~ 8 -  4 )  

PRACIlONAL TO CARTECIAN COORDINATES 

GO TO (40, 41,42), NRDCN 

READ (5 ,  4) A, B, C. ALFA, BETA, OAMMA 

CALL RDCONS (NRDCN) 

00 TO 41 
CALL RDCONS (NRDCN) 

c o m m  
DO 998 NN = 1, NMEW 

READ (5,2) NZERO, NAXIS, NATOM, (NROT (I), I - 1,3) 
WRITE (6,2) NZERO, NAXIS, NATOM, (NROT (I), I = 1, 3) 
READ (5,4) (PKI(I), I =  1, 3) 
WRITE (6,4) (PHI (I), I= 1,3) 
ONE OF THE ATOMS IS KEPT AT THE ORIGIN 

IF (NZEHO) 43,43,44 
C o N m  

00424 I =  1,3 
A ~ M  (I) = x (I, NZERO) 
DO 424 I = 1, NMAX 

x (I, I) - x (J, I)-ATOM (I) 

6 OPJe V!CTOR )S PUT ALONG TH@ PESIRFD AXp 
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0 n (NAXIS) 45,45,46 
46 004511= 133 
451 P (1) = X (I, NATOM) 

DENOM= P (I) *P (1) 4-. P (2) *P (2) -1 P (3) * P (3) 
DENOM = SQRT (DENOM) 

GO TO (452,  4 5 3 , 4 5 4 ,  NAXlS 

152 U = 2  

1K= 3 
GO TO 455 

453 I J =  3 
I K =  1 
GO TO 455 

454 I]= 1 
1K= 2 

455 CONTINUE 

DEN0 = SQRT (P (IJ) *P (11) -1- P (IK)*P ( 1 ~ ) )  

TANW ; DF.NO/P (MAXIS) 

TETA '= ATAN (TANW 

TETA = IETA/CONFA 

DC~NAWS); 0' 0 
DC (u) = P (IK)/D~NOM 

DC (IK) = - P (U)/DENOM 

CALL ROMAX (DC, TETA, AMAT) 

~ 0 4 6 6 1 =  ~ , N M A x  

o o 4 7 r =  1 , 3  
47 ~ l ( J , l ) ~ x ( J , l )  

CALLRMM (AMAT, 3, 3 ,  X I ,  1, XI) 
~ 0 4 8 1 =  1 ; 3  

48 x (J, I) =- x l  (1, I )  
466 CONTINUE 

45 CONTINUE 

ROTATION OF THE MOLtCULE ABOUT AN1 AXIS SUCCESSIVELY 

D o 1 0 1 1 =  1,3 
D o 1 0 0 1 1 =  1,3 
DC (n)= 0. 0 
lJK = IABS (NROT (1)) 

IF (NROT (I) 102,101, 103 
DC(IJK)= - 1.0 
GO TO 104 
DC(IJK)= 1. 0 
CONTINUE 

AN0 = PHI (I) 
CALL ROMAX (DC, ANG, AMAT) 

DO 105 1 = 1, NMAX 

DO l O 6 ~ =  1,3 
xl (K, 1) X = (K, J) 

CALL KMM (AMAT, 3,3, x1,1, XI) 
D O 1 0 7 ~ -  1,3 
x (% 1) = X l  (K, 1) 
C O ~ E  

CONTINUE 



W TO (1050,1060), NTYPE 

1050 CONTINUE 

WRITB (6,1053)  

1 0 5 3  FORMAT ( l o x ,  'COORDINATES FOR ORTHOGRAPHIC PROJECTION ' / )  

WRITE (6, 1052)  (ANAME (J), (X (I, J), I = 1, 3 1 , J  ;:- 1, NMAX) 

GO TO 998 
1060 c o r n u p .  

WRITE (6, 1054)  

1054 POrtMAT (IOX, ' COORDINATES FOR PkWPECW'E PROJECTION '1) 
C MOLECULE IS SHIFTED TO-Z BY ZMAX . . . 

JJ= 1 
1012 ZCOR= X(3,  lJ) 

IF (ZCOR) 1010,1011,1011 
1010 JJ= a + 1 

GO TO 1012 
1 0 1 1  CONTINUE 

J 2 =  JJ + 1 
DO 1013 JJ = 12, NMAX 

ZCORI = X ,3, JJ) 

IF (ZCORI) 1 0 1 3 , 1 0 1 4 , 1 0 1 4  

1014 C O ~ E  

IF (ZCOR-zco~rj 1 0 1 5 , 1 0 1 3 , 1 0 1 3  

1015 zcon= zcom 
1 0 1 3  CONTINUE 

DO 2010 J J =  1, NMAX 

2010 x (3, JJ) = x (3, ~ 1 ) - z c o n  

C CALCULATT. THE PERSPECTNE COORDINATES 

1044 CONTINW 

DO 1 0 3 0  J J  = 1, NMAX 

ZA = ABS ( x  (3, JJ)) 

DEN0 = ZSP -k ZA 

XR (1, JJ) = (EYB*ZA + x ( I ,  JJ)* ZSP)/DBNO 

XR (2, JJ) = ~ ( 2 ,  JJ) * ZSP/DENO 

, 1030 XR (3, JJ) = x (3, JJ) 

IP (EYE) 1040,1041, 1042 
1042 BYE= -EYE 

WRITE (6,332) 
w m  (6,1066) 

1 0 6 6  FORMAT ( l o x ,  ' CMIRDINATES AS VIEWED BY THE RIGHT EYO '1) 
WRW (6,332)  

WRITE 16,1052)  (ANAME (I), (XR (I, J), I '- 1, 3), J = I ,  NMAX) 

GO TO 1044 
1040 WRITE (6,332) 

w m e  (6 ,1067)  

1 0 6 7  FORMAT (lo*, 'COORDINATES AS VIEWED BY THE LEPT EYE '1) 
w m  (6 ,332)  

WRITE (6,1052) (ANAME (I), (XR (I, J), I = 1 , 3 ) ,  J = 1, NMAX) 
00 TO 998 

1041 WRITE (6,332j 
WRXTB (6,1068) 

, 1 0 6 8  FORMAT (lox, ' COORDINATES FOR SMGLE PERSPECTIVE DIAGRAM'/) 

~ n r r e  (6,332) 



Stereodiagrams of Molecules 

STOP 

END 
SUBKOUTINE RDCONS (NRDCN) 

DIMENS~ON ATOM (3) 
COMMON A, B, C, ALFA, BETA, GAMMA, NMAX, X (3, 100) 
CONFA= 0 . 0 1 7 4 5 3 2 9  

w TO (13, 11, 16), NRDCN 

c o m m  
PALFA = ALPA*CON?FA 
PBETA = BETA~CONFA 

PGAMMA = GAMMA*CONFA 

CA = cos (PALFA) 

CB = cos (PBETA) 

co = cos (PGAMMA) 

so = SIN (PGAMMA) 

CPSI = ( C B ~ C A * C G ) ) / S G  

CRO = SQRT (1. 0-(CA*CA + CPSI*CPSI)) 

DO 1 4  I =  1, NMAX 

ATOM (1) = x (1, I)* SG*A -k x (3, I)* CPSI*C 

ATOM(2)= X(1,  I)* CO*A -1- X(2,  I)* B + X(3, I)* CA*C 
ATOM (3) = X(3, I ) *  CRO*C 

D 0 1 4 1 =  1 ,3  
X (I, 1) = ATOM (I) 
GO TO 11 
CONTINUE 

DO 1 7  I =  1 ,  NMAX 

OMEGA = X (2 ,1)  

OMEGA = OMEGA*CONFA 

ATOM (1) = X (1, I)*COS (OMEGA) 

ATOM (2) = x (1, I)'SIN (OMEGA) 

0 0 1 7 ~ -  1 , 2  
X (J, I) = ATOM (I) 
CONTINUE 

RETURN 

END 

SUBROUTME ROMAX (DC, ANG, AMAT) 

DIMENSION DC (3), AMAT (3,s) 
CONFA = 00.01745329 
ANG = ANG*CONFA 

c = cos (ANG) 

S = SIN (ANO) 

cc = (I. -c) 
AMAT (1, 1) = C + D C  (~)*Dc (I)*cc 
AMAT (1,2) = D C  (~)*Dc (~)*cc-DC (3)% 

AMAT (1,3) = D C  (~)*Dc ( ~ ) * c c  + D C  (2)*S 

AMAT (2, l)  = DC (1) *DC (2) *CC + D C  (3)% 
AMAT (2,2) = C 4- D C  (~)*Dc (~)*cc 
hMAT (2,3)  = D C  (2)*Dc (3) *cc-DC (1)'s 
4MAT(3,1) = DC (I)*DC (~)*cc-DC (2)*S 



AMAT (3, 2) ' DC (2) *DC (~)*cF C DC ( I )  *S 

AMAT (3, 3 )  = C i- DC ( ~ ) " D c  (~)*cc 
RETURN 

END 

sumonm RMM (A, K, L, B, N, C) 

DIMENSION A (3,3), B (3, I), C (3, I), XI (3) 
DO 10 r =  1, N 

~ 0 2 0 1 =  1 , K  

XI (I) = 0-0 
~ 0 2 0 K K =  1 , L  

2 0  XI (I) = XI (1) -I- A (1, KK) *B (KK, I) 
~ 0 l O l = =  l , K  

10 c(~,l)=xl(l) 
KETURN 

END 


