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The microwave and millimeterwave spectra o f CH3OCl and C D 3OCl have been investigated 
up to 200 GHz and centrifugal distortion constants up to the sixth order have been calculated 
using both Watson's 5-reduction and van Eijck-Typke operators. W atson’s determinable parame­
ters have been obtained starting from both sets o f constants.

Introduction

The microwave spectrum  o f M ethylhypochlorite 
(C H 3O CI) has been m easured by Rigden and But­
cher [1] who determ ined the m olecular structure 
and the barrier to internal rotation from the first 
excited torsional state.

From  the rotational Zeem an spectrum  the mag- 
netical param eters as well as the value and o rien ta­
tion o f the electric dipole m om ent and the barrier to 
internal rotation  in the ground state have been de­
term ined [2], D uring this last investigation we ob ­
served appreciable centrifugal distortion contribu­
tions for some lines m easured in the high frequency 
range which have been found useful for the deter­
m ination of the torsional barrier. In the present 
paper we report the investigation of the m illim eter 
wave spectrum  of both isotopic species C H 30 35C1 
and C D 30 35C1 with the purpose o f perform ing an 
accurate centrifugal distortion analysis. M ethyl­
hypochlorite is an asym m etric top molecule w ith an 
asym m etry param eter x =  -0 .9 6 , hence a nearly 
prolate top suitable to be used as further check of 
the H am iltonians [3, 4, 5] developed for this type of 
problems.

* Present address: Bayer A.G. -  Leverkusen.
** Present address: Tokyo Institute o f Polytechnics, 
Iiyama Atsugi City, Kanagawa Prefecture, Japan.

Reprint requests to Prof. Dr. A. Guarnieri, Institut für 
Physikalische Chemie der Christian-Albrechts-Universität 
Kiel. Olshausenstraße 40, 2300 Kiel.

Experimental

C H 3OCI was prepared following the m ethod of 
Sandm eyer [6] and purified  at 0 °C  by vacuum dis­
tillation.

In the used cell it decom poses im m ediately even 
at - 7 5 ° C  and for this reason the gas was flowed 
continuously through the cell during the m easure­
ments at a pressure o f abou t 0.5 Pa (7 mTorr). The 
m illim eterw ave video spectrom eter with frequency 
m ultip lication is the sam e as described in [7], A 
block schem e is reported in Fig. 1, giving a picture 
of two m odes o f use besides video; m ode 1: source 
m odulation, m ode 2 : m illim eterw ave-radio fre- 
quency-double resonance (M M W -R F-D R ). A spe­
cial X-Band cell w ith a septum  allowing a “coaxial”- 
type transm ission m ode for the radiofrequency up 
to 4500 M Hz was used [7]. The transm ission for the 
m illim eterw aves was satisfactory up to 200 GHz, 
higher frequencies seem ed to be strongly absorbed. 
The frequency m easurem ents were carried out by 
means of a synthesized signal generator Schomandl 
N D  800M continuously m onitored by a 5 MHz- 
Signal derived from the 77.5 KHz-Signal o f the 
broadcasting station D C F  77 (M ainflingen, G er­
many) with a relative accuracy of 5 x l 0 ~ 13. The 
m easurem ents are believed to be accurate to 1 x 
IO“ 7.

Spectrum and Rotational Parameters

We started with the record o f the spectrum of 
C D 30 35C1 for two reasons: first because the 6-type
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Table 1 a. Rotational and Centrifugal Distortion Constants 
of CH30 35C1 after van Eijck-Typke and Watson’s s-reduc- 
tion operators. The errors are standard from the least 
squares fitting procedure and are given in units o f the last 
figure.

CH30 35C1 (118 Lines)

by van Eijck-Typke by Watson’s s-reduction
A' 42.064925(10) A (s> 42.064925(10)
B' 6.296878(1) B( s) 6.296878(1) GHz
C' 6.670610(1) C (s) 5.670610(1)

D'j 4.260(2) D j 4.260(2)
D j k -  24.57(4) D j k -  24.57(4)
D'k 693.22(26) D k 693.22(26) > KHz
<5; 0.653(1) d x -  0.653(1)
*6 -  0.0172(3) d2 -  0.0172(3) J
H'j 0.0002(16) H j 0.0002(16)
H'j k -  0.09(5) H j k -  0.09(5)
H'k j -  3.4(3) H k j -  3.4(3)
H'k 53(6) Hk 53(6) • Hz
Hfs 0.0003(8) h\ 0.0003(9)
H't 0.0019(22) h2 0.0005(6)
H[0 -  0.00003(84) h 3 0.000004(105)
standard deviation:

68 KHz 68 KHz

lines show no internal rotation splitting, second be­
cause, due to the sm aller rotational constants, a 
larger num ber o f lines were supposed to be present 
in the frequency range lim ited by the power absorp­
tion o f the used cell. The identification  o f the lines 
was m ade using the chlorine quadrupo le hyperfine 
structure o f the M M W -R F-D R  technique [7], A 
total o f 223 lines** was m easured following differ­
ent branches up to 200 GHz.

The record o f the spectrum  of C H 30 35C1 had to 
be lim ited to 118 lines** because the other lines 
m easured in the frequency range lim ited by the 
pow er absorption o f the cell gave no better inform a­
tion. The determ ined constants using the van Eijck- 
Typke H am iltonian [5] are given in Tables l a  and

** Requests for tables o f measured lines to Prof. Dr.
A. Guam ieri, Institut für Physikalische Chemie, Univer­
sität Kiel, Olshausenstr. 40 or under the number TNA4 to 
Universitätsbibliothek, Westring 400, 2300 Kiel, Germany.

Table 1 b. Correlation coefficients among the van Eijck-Typke constants o f CH30 35C1.

Ä B ' C D'j D j k D'k <5; R'6 H ’j H'j k H'k j H'k H  5 H'(,

B ' 0.73
C ' 0.53 0.61
D'j 0.62 0.80 0.76
D j k 0.69 0.82 0.57 0.86
D'k

<5;
0.03
0.30

-0 .2 2
0.55

-0 .0 6
-0 .2 3

-0 .1 3
0.20

-0 .5 1
0.46 -0 .3 0

R e 0.23 0.39 -0 .2 4 0.10 0.31 -0 .1 9 0.91
H'j 0.46 0.63 0.67 0.90 0.87 -0 .3 9 0.14 0.02
H j k 0.40 0.59 0.50 0.75 0.83 -0 .51 0.34 0.26 0.92
H'k j 0.63 0.65 0.38 0.69 0.84 -0 .4 3 0.39 0.24 0.68 0.55
H'k -0 .4 6 -0 .5 9 -0 .3 0 -0 .5 9 -0 .8 6 0.73 -0 .5 1 -0 .3 9 -0 .7 2 -0 .7 5 -0 .8 8
H's 0.26 0.46 -0 .1 5 0.20 0.45 -0 .3 4 -0 .9 2 0.88 0.21 0.48 0.32 -0 .5 3
H'e -0 .2 0 -0 .3 1 0.05 -0 .2 1 -0 .3 7 0.24 -0 .6 8 -0 .8 2 -0 .2 9 -0 .5 8 -0 .1 7 0.45 —0.81
H \o 0.13 0.17 0.15 0.29 0.31 -0 .1 7 -0 .2 3 0.39 0.45 0.64 0.09 -0 .3 4 0.35 —0.82

Table 1 c. Correlation coefficients among Watson’s s-reduction constants o f CH30 35C1.

A (s> B( s) c (s) D j D j k D k d  i d 2 H j H j k H Kj H k

B (s> 0.73
C (s) 0.53 0.61
D j 0.62 0.80 0.76
D j k 0.69 0.82 0.57 0.86
D k 0.03 -0 .2 2 -0 .0 6 -0 .1 3 -0 .5 1
d\ -0 .3 0 -0 .5 5 0.24 -0 .2 0 -0 .4 6 0.30
d2 0.23 0.39 -0 .2 4 0.09 0.31 -0 .1 9 -0 .9 1
H j 0.46 0.63 0.67 0.90 0.87 -0 .3 9 -0 .1 4 0.02
H j k 0.40 0.59 0.50 0.75 0.83 -0 .5 1 -0 .3 5 0.26 0.92
H Kj 0.63 0.65 0.38 0.69 0.84 -0 .4 3 -0 .3 9 0.24 0.68 0.56
H k -0 .4 6 -0 .5 9 -0 .3 0 -0 .5 9 -0 .8 6 0.73 0.51 -0 .3 9 -0 .7 2 -0 .7 5 -0 .8 8
h\ 0.26 0.44 -0 .0 8 0.26 0.48 -0 .3 4 -0 .8 5 0.87 0.33 0.61 0.30 -0 .5 5
h 2 -0 .2 0 -0 .31 0.05 -0 .21 -0 .3 7 0.24 0.68 -0 .8 2 -0 .2 9 -0 .5 8 -0 .1 7 0.45
*3 0.13 0.17 0.15 0.29 0.31 -0 .1 7 -0 .2 3 0.39 0.45 0.64 0.09 - 0 .3 4
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Table 2 a. Rotational and Centrifugal Distortion Constants 
of C D ,0 35C1 after van Eijck-Typke and Watson’s s-reduc- 
tion operators. The errors are standard errors from the 
least squares fitting procedure and are given in units o f  the 
last figure.

C D 30 35C1 (223 Lines)

by van Eijck-Typke by W atson’s s-reduction

A ' 32.539201(4) A( s) 32.539201(4)
B' 5.465252(1) B (  *> 5.465252(1) GHz
C 4.974985(1) c (s) 4.974985(1)
D'j 3.219(2) D j 3.219(2) :
D j k -  5.710(11) D j k -  5.710(11)
D'k 273.1(3) D k 273.1(3) • KHz
<5; 0.4534(2) d\ -  0.4534(2)
*6 0.0100(1) d 2 0.0100(1)

H j -  0.003(1) Hj -  0.003(1)
H'j k -  0.006(8) H j k -  0.006(7)
H'kj -  0.54(9) H Kj -  0.54(8)
H'k 9.8(64) H k 9.8(64) • Hz
m 0.0009(1) hi 0.0010(2)
m -  0.00010(43) h i -  0.00003(11)
Hio 0.00028(17) h 3 0.00004(2)

2 a, respectively. For com parison we give in the 
sam e tables the constants determ ined using the 
W atson’s s-reduction H am iltonian [12].

The correlation coefficients am ong the 15 con­
stants o f C H 30 35C1 obtained from a least squares 
procedure using the van Eijck-Typke and W atson’s 
reduction form ulae are given in the Tables 1 b and
1 c, respectively. Those for C D 30 35C1 are listed in 
Tables 2 b and 2 c.

The rotational constants and the fourth and sextic 
centrifugal d istortion constants, obtained by the two 
kinds o f H am iltonians, are equal in the lim its o f 
their standard  errors. It seems, however, tha t the 
convergences o f the H'6 and H']0 term s in the van 
Eijck-Typke are worse than those o f the h x and h2 
term s in W atson’s s-reduction.

standard deviation: 
53 KHz 53 KHz

Table 2 b. Correlation coefficients among the van Eijck-Typke constants o f C D 30 35C1.

A ' B' C D'j D j k D'k «5; *6 H'j H'j k H'k j H'k H's H'f,

B ' 0.73
C 0.66 0.86
D j 0.73 0.90 0.87
D j k 0.52 0.45 0.34 0.30
D'k
V

0.76
0.41

0.66
0.59

0.63
0.15

0.82
0.40

-0 .0 1
0.49 0.26

Re 0.35 0.42 0.20 0.31 0.*49 0.18 0.76
H j 0.65 0.80 0.79 0.96 0.18 0.81 0.33 0.23
H'j k 0.43 0.43 0.31 0.30 0.88 0.03 0.60 0.65 0.21
H'k j 0.44 0.30 0.19 0.25 0.81 0.02 0.36 0.34 0.17 0.62
H'k 0.59 0.64 0.66 0.84 -0 .1 4 0.91 0.17 0.07 0.91 -0 .0 8 -0 .1 4
H's 0.38 0.53 0.16 0.37 0.50 0.23 0.96 0.77 0.32 0.69 0.34 0.15
H e -0 .2 6 -0 .31 -0 .1 8 -0 .2 4 -0 .4 9 -0 .0 9 -0 .6 3 -0 .9 0 -0 .2 0 -0 .7 6 -0 .3 2 -0 .0 3 -0 .7 3
H  ,'o 0.14 0.15 0.16 0.12 0.43 -0 .0 2 -0 .3 4 0.71 0.12 0.68 0.27 -0 .0 5 0.44 —0.92

Table 2 c. Correlation coefficients among W atson’s s-reduction constants o f  C D 30 35C1.

A (  s> B (  *) c (s) D j D j k D k d i d 2 H j H j k H Kj H k

5 (s) 0.73
C « 0.66 0.86
D j 0.73 0.90 0.87
D j k 0.52 0.45 0.34 0.30
D k 0.76 0.66 0.63 0.82 -0 .0 1
dx -0 .41 -0 .5 9 -0 .1 5 -0 .4 0 -0 .4 9 -0 .2 6
d 2 0.35 0.42 0.20 0.31 0.49 0.18 -0 .7 6
H j 0.65 0.80 0.79 0.96 0.18 0.81 -0 .3 3 0.23
H j k 0.43 0.43 0.31 0.30 0.88 0.03 -0 .6 0 0.65 0.21
H  KJ 0.44 0.30 0.19 0.25 0.81 0.02 -0 .3 6 0.34 0.17 0.62
H k 0.59 0.64 0.66 0.84 -0 .1 4 0.91 -0 .1 7 0.07 0.91 -0 .0 8 -0 .1 4
h \ 0.35 0.47 0.18 0.33 0.55 0.17 -0 .8 8 0.87 0.29 0.79 0.36 0.10
h 2 -0 .2 6 -0 .31 -0 .1 8 -0 .2 4 -0 .4 9 -0 .0 9 0.63 -0 .9 0 -0 .2 0 -0 .7 6 -0 .3 2 -0 .0 3
h i 0.14 0.15 0.16 0.12 0.43 -0 .0 2 -0 .3 5 0.71 0.12 0.68 0.27 -0 .0 5
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D iscussion

CH3OCI is a nearly sym m etric top molecule with 
a negative asym m etry param eter x = 2 B - A - C /  
( A - C )  =  -0 .9 6 . For this type of molecules it turned 
out to be useful, for the centrifugal distortion anal­
ysis, to apply the operator in the “sym m etric top 
reduction” [3]. W atson [11] has given a form for this 
operator and van Eijck-Typke [4, 5] have proposed a 
sim ilar one with another choice o f the s i n , j 311, 
.v 131, 5113 coefficients for the transform ations.

Theoretically there are many possibilities o f 
transform ing the W atson standard form [11, 12] into 
an operator with 15 constants. The result shows so 
many different sets o f centrifugal distortion con­
stants as given possibilities. Thus it is w orth to ob ­
tain constants which are independent o f the used 
transform ation and consequently o f the used O pera­
tor. W atson [12] has shown that this happens for the 
following 15 com binations o f standard constants:

1. Bx =  h 200 — 2 h 022 =  ^ 200— 2 fiQ22
2. By, =  h 020 ~ 2 Ii 202
3. B- =  /?002 — 2 /?220
4- Txx =/*4oo =  1/4 Txxxx
5. Tyy h 040 1/4 Tyyyy
6- T zz =  /?004 =  1 / 4  Tzzzz

7- T\ — ho22 +  h202 +  ^220

8. T2 — Ii200^022  +  ^ 020^202  +  ^ 00 2^220

9- ® x x x =  ^600

Table 3. Relations among the f\pqr's and the constants o f  
the Typke Operator.

^200 — B'x ~  8 Hj  — 4 H'jk +  4 //5  +  4H']0
0̂20 = B[ + \6 H'j+ 4 H'j K- AH's -  \2H'(, + AH\o 

^002 =  B'z ~  8 H'j +  12 7/5 — 8 H'\o
4̂00 = ~ Dj — 2 d'j + 2 R'f, 

ft040 = ~ Dj + 2 öj + 2 R'f,
Ii004 — ~  D j  — D ’j k  -  D'k 
^220 — ~  D j  — 6 R{, — 4 H }  + 6 Hk — 4 H  [0 
K202 =  - D } - \ / 2 D ' j k - 0 ' j  +  8 H }  +  2 H } k - 2 H ' 5 

~  H& +  2 H { q
Ko22 =  - D j - \ / 2  D'j k  +  d'j — 4 H j  — 2 H j K +  2 H'5 +  2 H { 0
k m  =  H'j +  H's +  \ /2 Hi  +  H \0
0̂60 — Hj  — H's + \/2 H ( , -  H[ q

^006 =  H} +  Hj K +  H'kj +  H'k
Ii.420 =  3/2  H } + \ / 2 H ' s -  5 /4  Hi  -  3 /2  / / f 0
ftm  =  3 /2  H ' j -  1/2 7/ 5 -  5/4 Hi  +  3/2 H{0
4̂02 =  3/2 H } +  1/2 H ’jk +  H's +  114 H'e

/To42 =  3/2 H'j +  1/2 H'jk - H $ + 1/4 Hi
^04 =  3 / 2 / / ; +  H'jk +  1/2 / /£ . ,+  1/2 H ’s
/To24 =  3/2 H'j +  H'jk  +  1 /2  H 1kj - 1 / 2  //$
^222 =  3 H ;  +  H } k - 3 / 2  Hi

Table 4. Relations between W atson’s determinable con­
stants and the constants o f  the Typke Operator.

-  5 ; + 2 Z)y + Dy* — 2 öj 
B v =  By +  2 D'j +  D'jk +  2 d'j 
Bz =  B ’z +  2 D ' j + \ 2 R ' (>

TXx — ~ D'j — 2 d'j + 2 R'6 
Tyy =  -  Dj  +  2 5j +  2 R'(,
T: : = - D ' j - D ' j k - D ' k
T\ =  - 3  Dj -  D'jk  — 6 Ri
T2 =  -  D'j (B'x +  B'y + B ') - l / 2 D j , ( ß ' v+  5 ;.)

+  «5; (B'x -  S;,) - 6 R ' e B'z

0 xxx = H'j + H'5+ 1/2 H'f, + H [ q 
0 y y y = H } - H ' 5+ 1/2 //g' ~ H ,'q 
&ZZZ = H'j + H'jk + H'kj + H'k
0 , = 3 0 / / ;  +10 H'j k +3H'kj — 15/2 ^
02 =  (3 / /y +  1/2 H'jk  +  3/2 H's - H i -  3/2 / / f 0)

-  5 ;  (3/2 H ’j + \ / 2  H'jk  + H's +  1 /4  //£)
-  B: (3/2 H'j +  M2 H 's -  5 /4  //^ -  3/2 //,'0)
+  2 5 ; ( /) ;^ -2 < 5 ;)
- 8 / ? a ^ - 3 ^  +  4 /? 0

03  =  B'x ( -  3/2 H j  -  1 /2  HjK +  H's- 1/4 //*)
+  B'y (3 H'j +  112 H'jk  -  3 /2  H's -H' 6 +  3/2 / / f 0) 
+ ( -  3/2 H ' j + \ / 2 H ' s +  5 /4  //^ -  3/2 Z/[0)
-  2 8\D'jK +  2 d'j)
-  8 ^  (/);* + 3 <5;  + 4

0 4 =  (3 H'j +  2 H'jk  +  H'kj) ( B’z -  1/2 B' -  1/2 B')
+  M2 H's (B'x -  5 V'.) -  1/2 D'j \  -  2 D'JK D'K
-  2 D'k + 2 d'j2.

10. 0 yy\v =  h  060

11. 0 zz ;: ~ ^006

12. 0 , = 3 (/242o +  /?4 02 + ^240 +  ^042 + ^204

+  ^0 2 4 ) +  hill
13. 0 2 =  (^ 2 0 0  “ ' /7002) ^420  +  (^ 2 0 0  ~ ^020)

^402  — 2  (/?400 — ^2 2 0 ) (^400 _  ^202 )

14. ^ 3 = (^ 0 2 0  _ ‘ ^2 0 0 ) ^042  +  (^ 0 2 0  - ^002)

^  240 ~ 2  (^0 4 0  — /7022) (^040 — ^22o )

15. 0 4 = (^ 0 0 2  " ‘ ^0 2 0 )  ^204  +  (7*002 ~ ^200)

^024  “ 2  (/?004 — ^2 0 2 ) (^004 — ^022 )

Since these quantities are independent of the used 
transform ation [12], they can be expressed as func­
tions either o f the original hpqr or o f the trans­
form ed fipqr w ithout any change in the value of the
5 -, T- and 0-constants.

We put, for com parison, the van Eijck-Typke 
O perator also in the (transform ed) W atson standard 
form [11], This can be m ade by m athem atical re­
arrangem ent with use of the com m utation rules. 
After some calculations one gets the relations be­
tween the 19 constants o f the transform ed W atson 
standard form and the 15 constants of the suitable 
operator used in form  of a m atrix equation. These
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Table 5. Watson's determinable constants for Methylhypochlorite up to the sixth order obtained from van Eijck-Typke 
and Watson’s s-reduction constants. — The errors are standard errors from the least squares Fitting procedure and are 
given in units o f  the last figure. -  The symbol M indicates the value o f A +  B +  C.

CH30 35C1 c d 3o 35ci

from
van Eijck-Typke

from
Watson’s s-reduction

from
van Eijck-Typke

from
Watson’s s-reduction

A 42.0649336(97) 42.0649336(97) 32.5392076(45) 32.5392076(45) '
B 6.29686060(116) 6.29686060(116) 5.46525189(73) 5.46525189(73) GHz
C 5.67059500(102) 5.67059499(100) 4.97498694(60) 4.97498694(60)

âa -2691 .6(12) -2691.6(10) -1082 .2(12) -1082 .2 (12)
T-bb -  22.401(14) -  22.401(12) -  16.426(9) -  16.426(9)
Tcc -  11.952(12) -  11.952(12) -  9.171(8) -  9.171(8) < KHz
*1 47.574(202) 47.574(193) -  16.032(57) -  16.032(57)
t2/M -  5.804(30) -  5.804(29) -  10.26(1) -  10.26(1)

^ aaa 49.9(52) 49.9(52) 9.3(64) 9.3(64)
®bbb 0.0015(14) 0.0018(22) 0.0043(14) 0.0052(15)
0̂  ccc 0.0008(28) 0.0004(30) 0.0019(15) 0.0010(14)

0\ -  11.02(107) -  11.02(133) -  1.59(27) -  1.59(32) ■ Hz
0 2 + 0 } /M 0.0027(62) 0.0027(55) -  0.0062(26) -  0.0061(30)
0 2 -  0 }/M -  0.0024(62) -  0.0026(20) -  0.0002(26) -  0.0007(34)
0~4 !M -  19.5(2) -  19.5(3) -  3.74(6) -  3.74(6)

relations are listed in Table 3 for the van Eijck- 
Typke Operator. F rom  this m atrix equation it fol­
lows that there should exist four different relations 
between the ftpqr constants which can be obtained 
by solution of the equations system. One relation 
connects the fourth o rder contants, the others the 
sixth order constants together. If one considers only 
the term s up to the fourth order, one gets for the 
W atson and the van Eijck-Typke O perators the 
sam e relation:

^400 — ^040 =  2 (ft202 ~~ ft022)

which means that bo th  O perators are equal up to 
the fourth order. W e can see that this relation 
agrees with the results given in Tables l a  and 3a. 
The further consideration o f the sixth order terms 
gives different relations for both operators, i.e. for 
the van Eijck-Typke O perator

3 (ft600 ~  fto6o) +  2 (ft420 — ft24o)
=  4  ( f t402 ~  fto42) =  8 ( f t204 ~  ^024)

3 f t600 +  2  f t222 — 4  f t402 +  2  /T240

and for the W atson O perato r

1 5 (ft600 — fto6o) + 2 (ft420 ~  ^240)
=  16 (ft402 *  fto42) =  32 (/?204 — ^024)

27 f t m  + 1 6 f t 222 — 3 ft060 +  6 ft420 +
+ 32 (1402 +  10 f t240,

were the ftpqr's indicate tha t in this case another 
transform ation is needed. Because o f these d ifferent 
relations am ong the sixth order term s, both O pera­
tors are different and the constants ob ta ined  cannot 
be directly com pared.

The transform ation o f the constants ob ta ined  by 
the van Eijck-Typke O perator in one set o f “deter­
m inable param eters” according to W atson, can be 
perform ed through the constants hpqr o f Table 3 and 
leads to a representation  which is independent o f 
the chosen form o f the operator [11]. In Table 4, 
W atson’s “determ inable param eters” are listed as 
functions o f the van E ijck-Typke constants, and this 
procedure is applied  to C H 30 35C1 and C D 30 35C1. 
The results are shown in Table 5. A com parison 
am ong W atson’s determ inable param eters obtained 
using the constants o f the two operators (Table 8 ) 
shows a large agreem ent w ithin the given standard 
errors for both molecules, as expected.
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