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Abstract

Thiosemicarbazides are sulfur-based nitrogen-rich donor ligands, characterized by n-delocalized electronic charge and flexible
molecular chain. The flexible molecular chain and polydentate nature is responsible for their wide biological and synthetic profile
to synthesize several classes of heterocycles. In this context, the molecular and crystal structures coupled with Hirshfeld surface
(HS) analysis of benzylidene thiosemicarbazides: (E)-2-(4-hydroxybenzylidene) hydrazine-1-carbothioamide, (3a) and (E)-2-(3-
nitrobenzylidene) hydrazine- 1-carbothioamide, (3b) are reported. Consequently, single crystal x-ray revealed interesting results,
and the analyzed compounds were found to be polymorphs of the previously reported structures each having widely different
unit cell. Briefly, compound (3a) crystallized with a single molecule in the asymmetric unit whereas its polymorph has six. In
contrast, compound (3b) crystallized with Z=2 having single molecule in asymmetric unit of the polymorph. Subsequently,
HS analysis successfully visualized, explored, and quantified weak interactions present in the crystal lattices of the polymorphs.
HS analysis revealed oxygen atoms of the nitro group significantly influence HS of molecule (3b).
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Introduction Table 1 Structure variations of S.No Compound R
the synthesized 1-benzylidene .
. . . . . . thiosemicarbazides (3a-3b) 1 (3a) 4-OH
Thiosemicarbazide (TSC) the simplest hydrazine of thiocar-
2 (3b) 3-NO,

bamic acid is sulfur-based nitrogen-rich donor ligand [1, 2].
TSC possess delocalized n-electronic system in the flexible
molecular configuration. The thiocarbonyl carbon show dif-
ferent orientations, creating different conformers as: S=C and
C=S. The S=C conformer (2) has thiocarbonyl carbon directed
towards intramolecular bonding. Conversely in C=S conformer
(1), thiocarbonyl carbon is turned away from intramolecular
OH...N bonding (Fig. 1) [3]. TSC ligands display antitumor,
antimicrobial, and anti-HIV potential [1]. TSCs are employed
in the efficient synthesis of oxadiazoles, pyrazoles, tetrazoles,
thiadiazoles, triazepines, triazoles, thiosemicarbazones and
metal complexes [4-6]. Thiosemicarbazones (TSCZ) pos-
sess [C=N-NH-C=S] moiety, interact biomolecules [7, 8]
and display anticancer [9] antimicrobial [10], antinociceptive,
as well as anti-tubercular potential [11]. Polydentate ligands
synthesize metal complexes with tunable properties [12—14].
a-N-heterocyclic TSCZ and their metal complexes possess sig-
nificant antiproliferative potency dependent upon the nature of
the heterocyclic ring [15]. TSCZ complexes are highly active
against cell lines like MCF-7 [16], SK-BR-3 [17], HCT-116
[18], Hela, and A549 [19]. TSCZ based molybdenum com-
plexes inhibit tyrosinase enzyme by interacting copper ions in
the active site [20]. Therefore, some TSCZ of pharmacological
interests are presented below (Fig. 2).

Polymorphs are crystalline forms of same chemical
composition with different molecular packing. They hold
significance in drug molecules, which may form multiple

Conformer 1 (C=S form) Conformer 2 (S=C form)

Fig. 1 Tautomeric equilibrium of the different conformations of thio-
carbonyl carbon

Fig.2 Some reported thiosemi-
carbazones of pharmacological
significance
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crystalline phases of similar compositions and different
internal structures. The most stable polymorph is used as
drug to evade the possibility of conversion into another
form [21]. Furthermore, hydrogen bonding with recep-
tors holds significance in drug design [22]. Consequently,
research has been focused to explore crystal packing of
nitrogen and sulfur-based organic compounds. In this
context, the centrosymmetric N-H...S=C hydrogen bond
dimer in TSCZ is reported to be the result of higher polar-
izability of lone pair electrons on sulfur atom [23]. Simi-
larly, short centrosymmetric R%,(8) N-H---S synthon is
involved in supramolecular architecture of thiones [24].
Recently, intermolecular hydrogen bonds via H-N...S
is revealed to be responsible for one-dimensional chain
of TSCZ [25]. In the current research, H-N...S hydro-
gen bonds form inversion dimers enclosing R22(6) rings,
which in turn are linked to extended R22(22) dimers, creat-
ing sheets of molecules of (3a). Likewise, the presence of
N-H...S, C-H...S and C-H...O hydrogen bonds link the
molecules into chains in (3b).

In view of the pharmacological significance of TSCZ
and polymorphs in drug molecules, the single crystal anal-
ysis of TSCZ (3a-3b) is presented. A search of the cam-
bridge structural database [26] for compounds incorpo-
rating the structure of (3a) produced 3 hits, including the
structure of a second triclinic polymorph of (3a) VAGCIR
[27] as well as Zn (II), GETZAH [28], and Cu(I), SUT-
LUO [29], complexes in which (3a) acts as a monodentate
ligand coordinating through sulfur atom. A correspond-
ing search for the structure of (3b) produced a single hit,
amazingly also of a second polymorph of (3b) but in this
instance with both structures crystallizing in the mono-
clinic space group P2,/c but with vastly different unit cell
dimensions KOMVUE [30]. No structures with (3b) acting
as a ligand were found in this case.

NN
YN
H H
N N@ CHs o)
v
| N CaHg
: SRS TN x
N OH N~ °N” Y X
H H N‘ P
N__cH oy
3
g N Sy N NH: N
M N 0 T [\
HoNT NS
2 N0 NG /N\NJKN/CHa N/]\//N\N)LN/CHS
H H Ho

|
CaHg CHj,



Journal of the Iranian Chemical Society (2023) 20:1831-1842 1833
Table 2 Crystal data and (a) (3b)
structure refinements
for 1-benzylidene Empirical formula C¢HyN,0S8 C4HgN,0,S
thiosemicarbazides (3a-3b) . $ o3 S
Formula weight 195.24 224.24
Temperature K 100(2) 100(2)
Wavelength A 1.54184 1.54184
Crystal system Triclinic Monoclinic
Space group P-1 P-21/c
Unit cell dimensions A, °
a 3.9466(6) 7.3531(4)
b 10.6280(12) 37.7665(12)
c 11.1008(9) 7.7849(3)
o 108.791(9) 90
§ 97.256(10) 114.785(5)
Y 94.981(11) 90
Volume A3 433.22(9) 1962.74(16)
Z 2 8
Density (calculated) Mg/m3 1.497 1.518
Absorption coefficient mm-1 3.009 2.851
F(000) 204 928
Crystal size mm3 0.40%0.26x0.14 0.400%0.130x0.080
Index ranges -4<=h< =3, -6<=h< =9,
-13<=k< =12, -45< =k< =44,
-13<=1<=12 8<=1<=9
Reflections collected 2334 7862
Independent reflections 1599 [R(int)=0.0163] 3783 [R(int)=0.0392]
Completeness to theta=67.684° % 96.7 99.8
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 1599707/ 130 3783/07/289
Goodness-of-fit on F2 1.066 1.074

Final R indices [I>2sigma(])]

R indices (all data)

Largest diff. peak and hole e.A-3
CCDC reference number

R1=0.0419, wR2=0.1123
R1=0.0439, wR2=0.1144
0.417 and -0.293
2,190,725

R1=0.0462, wR2=0.1164
R1=0.0533, wR2=0.1213
0.452 and -0.370
2,190,726

(0]

H

X CH4CH,0H S N
R "k N)kN’NH2 o RCYTNTY
Z R - NH,

Reflux/H,SO4

(1a-1b) @ (3a-3b)

Scheme. 1 Synthetic route adopted to synthesize 1-benzylidene thio-
semicarbazides (3a-3b)

Experimental
Materials and methods
Ethanol (C,HsOH, 99.50%), sulfuric acid (H,SO,4, 98%),

thiosemicarbazide (NH,C(S)NHNH,, 99%), 4-hydroxy-
benzaldehyde (4-OH-ArC(O)H, 99%), and 3-nitroaldehyde

Fig.3 Structure of (3a) with intramolecular N-H...N hydrogen bond
shown as dashed black lines. The ellipsoids are drawn at 50% prob-
ability level

(3-NO,-ArC(O)H, 99%) were obtained from Sigma-
Aldrich. Consequently, the substituted benzaldehydes
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Fig.4 Asymmetric unit of (3b) with intramolecular N-H...N hydrogen bonds and the N-H...O hydrogen bond linking the two unique mol-
ecules shown as dashed black lines. Ellipsoids are drawn at 50% probability level

Table 3 Hydrogen bonds for (3a) [;A and °]

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
N(1)-H(IN1)...N(3) 0.84(3) 2.36(3) 2.686(3) 104(2)
O(4)-H(40)...S()#1  0.80(3) 2.45(3)  3.2463(16) 173(3)
C(5)-H(5)...S(1)#1 0.95 2.95 3.717(Q2) 138.3
N(1)-H(IN2)...0(4)#2 0.86(3) 2.40(3)  3.081(2) 138(2)
C(7)-H(7)...S(1)#3 0.95 2.94 3.698(2) 137.3
N(1)-H(IN1)...0(4)#4 0.84(3) 2.45(3) 3.063(2) 130(2)
N(2)-H2N)...S(1)#5  0.93(3) 2.58(3) 3.4876(18) 167(2)

Symmetry transformations used: #1 x-1, y, z+1, #2 x, y, z-1, #3
X+1,-y,-z#4 x+1,-y+1,-z+ 1, #5 -x+2, -y, -z.

(1a-1b) (1 mmol) and thiosemicarbazide (2) (1.2 mmol)
were dissolved in dry distilled ethanol (15 mL) at room
temperature. After 15 min, concentrated sulfuric acid (1
drop) was added to the reaction mixture, and the mixture
was constantly refluxed for next 3 h to yield the respec-
tive thiosemicarbazones (3a-3b) in higher yield. After the

required time, the reaction mixture was cooled to room
temperature, and ethanol was rotary evaporated to obtain
precipitates. The precipitates were later collected and puri-
fied by recrystallization from ethanol at room temperature.
Structural variations of the synthesized TSCZ (3a-3b) are
described in Table 1. The physico-chemical data of the
synthesized TSCZ (3a-3b) have been reported previously
[31].

X-ray structure determination

The details of crystal data collected and refined is pro-
vided in Table 2. All x-ray measurements were carried
out on an Agilent Duo diffractometer using Cu-Ka radia-
tion (A=1.54184 10%) with data collection, reduction and
absorption corrections controlled using CrysAlisPro at
100(2) K [32]. Data were reduced and multi-scan absorp-
tion corrections were applied using CrysAlisPro [32].
The crystal structure was solved by direct methods using

Fig.5 Chains of molecules of (3a) along ¢
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Fig.6 Sheets of (3a) dimers
along the bc diagonal

Fig.7 Molecules of (3a) stacked along a by =...m stacking interac-
tions and N-H...O hydrogen bonds. Ring centroids are shown as red
spheres and centroid to centroid contacts appear as dashed red lines

SHELXT [33] and refined using full-matrix least-squares
procedures via SHELXL-2018/3 [34] and TITAN2000 [35].
All non-hydrogen atoms were refined anisotropically, and
all hydrogen atoms bound to carbon were placed in the
calculated positions, and their thermal parameters were
refined isotropically with U,,=1.2-1.5 U (C). The N-H
and O-H hydrogen atoms were located in a difference Fou-
rier map and their coordinates were refined with U, =1.2
U (N) and 1.5 Ueq(O) respectively. Molecular plots and
the packing diagrams were drawn using Mercury [36].
Additional metrical data were calculated using PLATON
[37] and tabular material was produced using WINGX [38].

Fig.8 Crystal packing diagramme of (3a) viewed along the a axis
direction

Results and discussion
Synthesis and chemistry

The synthesis of 1-benzylidene thiosemicarbazides
(3a-3b) was performed as given below (Scheme 1).
Briefly, substituted benzaldehydes (1a-1b) were dis-
solved in dry distilled ethanol by continuous stirring at
room temperature using catalytic amount of concentrated
sulfuric acid. Once the benzaldehydes were completely
dissolved, thiosemicarbazide (2) dissolved in dry ethanol
was gently poured and the reaction mixture was allowed
to reflux for next 3 h to get TSCZ (3a-3b) in higher yield.
Upon completion of the reaction, ethanol was rotary

@ Springer
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Table 4 Hydrogen bonds for (3b) [A and °]

D-H...A dD-H) dH...A) dD...A) <(DHA)
NG5)-HG2N)...0(2)  0.86(3) 2.16(3)  2.991(3) 162(3)
N(D-H(LIN)..N@3)  0.793) 224(3) 2.6143) 109(3)
NG)-HGIN)..N(7)  0.883) 2303) 2.657(3) 104(2)
C(6)-H(6)...0(1)#1 0.95 2.61 3.504(3) 157.3
N(D-H(I12N)...O(3)#2  0.82(3) 2.22(3)  2.988(3) 155(3)
C(4)-H(4)...0(4)#3 0.95 2.50 3296(3) 141.3
N@)-HQN)...SQ#4  0.83(3) 2.583)  3.4072) 173(3)
N(D-H(IN)...SQ#5  0.793) 2.77(3)  3.3692) 135(3)
N(5)-HGSIN)...S(1)#6  0.88(3) 2.603)  3.355(2) 145(3)
C(14)-H(14)...S(1)#6  0.95 3.00 3.946(2) 175.3
N(6)-H6N)...S(D#7  0.91(3) 2.42(3)  3.307(2) 166(2)
C(15)-H(15)...S()#7  0.95 2.83 3.661(2) 1462

Symmetry transformations used: #1 x-1, y, z-1, #2 -x+1, y-1/2,
-z4+3/2, #3 -x+ 1, -y+ 1, -z+ 1, #4 x-1, -y+ 1/2, z-3/2, #5 x, -y + 1/2,
z-12, #6 x+ 1, -y + 1/2, 2+ 1/2, #7 x+ 1, -y + 1/2, z+3/2.

1 1

| /
Wz st 1
I N
e b oy | N
| HeN|

~~

A

Fig.9 Chains of M1 and M2 molecules of (3b) along ¢

Fig. 10 Chains of M1 and M2
molecules of (3b) along the bc

evaporated to get precipitates of the target compounds
(3a-3b) that were purified by recrystallization from etha-
nol at room temperature. Structural assignments of the
synthesized TSCZ (3a-3b) are based on their consistent
spectral (FT-IR, '"H/'>*C NMR) and % elemental analysis
(CHNS) data reported previously [31].

Molecular and crystal structures of (3a-3b)

Details of the crystal and data collection, as well as structure
refinements of 1-benzylidene thiosemicarbazides (3a-3b)
are given in Table 2.

Crystal structure of (3a)

The molecule of (3a) is a second discrete triclinic polymorph
of the crystallized compound (E)-2-(4-hydroxybenzylidene)
hydrazine-1-carbothioamide. The compound is crystallized
with a single molecule in the asymmetric unit (Fig. 3). In
stark contrast, the earlier polymorph, VAGCIR [27] reported
in 2009, crystalizes with six unique, reasonably planar mol-
ecules in the asymmetric unit. Conversely, the crystallized
molecule reported in this work is not planar, the benzene
ring being inclined to the reasonably planar hydrazine car-
bothioamide part of the molecule by 28.82(6)° The planar-
ity of this non-ring segment (max deviation 0.0665 A) is
supported by the formation of intramolecular N1-HI...N3
hydrogen bond.

Crystal structure of (3b)

The molecule of (3b) is a second monoclinic polymorph
of the synthesized compound (E)-2-(3-nitrobenzylidene)
hydrazine-1-carbothioamide. The alternative polymorph was
reported in 2009 [30]. Contrary to the original polymorph,

. C15
diagonal
- H15
\
o -
a
C
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Fig. 11 Overall packing of
(3b) viewed along the a axis

direction

Fig. 12 Hirshfeld surface analy-

sis of (3a) mapped over d, ., in

the range -0.4422 to 0.9558 a.u

04-H40...S1

the compound reported here crystallizes with two unique
molecules, M1 and M2, in the asymmetric unit, linked by
N21-HN22...012 hydrogen bond (Fig. 4). In the number-
ing scheme, the two unique molecules are differentiated
by respective leading 1 and 2 characters. Intramolecular
N11-HNI11...N13 and corresponding N21-HN21...N23
hydrogen bonds also effect the conformations of the mol-
ecules. Both molecules are almost planar with rms devia-
tions of 0.1395 A for M1 and 0.0626 A for M2 from the
least squares planes through all non-hydrogen atoms of the
molecules. Bond distances and angles in the two molecules
are reasonably comparable and are also like those reported
for the polymorph.

Crystal packing of (3a)

In the crystal structure of (3a), O4-H40...S1 and C5-H5...
S1 hydrogen bonds (Table 3) combine to form rows of
molecules (3a) along ¢, (Fig. 5). The N2-HIN4...S1
hydrogen bonds form inversion dimers that enclose R?,(6)
rings and these link to more extensive R22(22) dimers,
formed by N10-HIN1...02 hydrogen bonds, resulting in
sheets of (3a) molecules formed along the bc diagonal
(Fig. 6). A peculiar feature of the packing in this structure
is the presence of close w...n contacts between adjacent
aromatic rings, with a centroid-to-centroid distances of

N2-H2N...S1 S1...H2N-N2

Cgl...Cgl

S1...H40-04

3.9465(13) A. These combine with previously mentioned
inversion related to N1-HIN1...04 hydrogen bonds to
stack the (3a) molecules along the a axis (Fig. 7). This
extensive series of contacts combine to stack the mole-
cules along the a axis direction (Fig. 8). Hydrogen bonds
for (3a) are detailed in Table 3.

Crystal packing of (3b)

In the crystal of (3b), N-H...S, C-H...S and C-H...O
hydrogen bonds (Table 4) link the molecules M1 and M2
into chains along ¢ (Fig. 9). Chains of both the molecules
also form along the bc diagonal through N-H...S, C-H...S
and N-H...O hydrogen bonds (Fig. 10). However, unlike
(3a) no close &...w contacts were observed here. The pres-
ence of various hydrogen bonds combines to stack the
molecules along the a axis direction (Fig. 11).

Hirshfeld surface analysis of (3a) and (3b)
Details of the intermolecular interactions present in the mol-
ecules (3a) and (3b) were obtained from Hirshfeld surface

(HS) analysis [39]. The surfaces and two dimension finger-
print plots were generated using Crystal Explorer [40].
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Fig. 13 Full 2D fingerprint plots
for the asymmetric unit of (3a),
(a), together with (b-j) separate
contact types and included HS
for the individual contacts.
Minor contacts contributing less
than 1% to the total HS are not
shown here but, for complete-
ness, are shown in Table 5

24
22
20
1.8
16
1.4
12

1.0

08

06
3a All d;

(A) 06 08 1.0 1.2 1.4 1.6 1.8 20 22 24

(a)
24 de 24 de e d.
a2 22 22
20 2.0 -
1.8 1.8 -
1.6 1.6 6
1.4 1.4 1.4
1.2 12 1.2
1.0 1.0 1.0
0.8 08 0.8
06 0.6 | 0.6
3a H.H 38.7% di 3a H..S/S..H 19.5% d; 3a H..C/C..H 11.9% d
(A 06 08 1.0 1.2 1.4 16 1.8 20 2.2 24 (A 06 08 1.0 1.2 1.4 16 1.8 20 2.2 24 (A 06 08 1.0 1.2 1.4 16 1.8 2.0 22 24
(b) (c) (d)
24 de . de 24 de
2.2 22 2.2
2.0 20 2.0
18 1.8 1.8
1.6 16 16
14 14 1.4
12 1.2 1.2
1.0 1.0 1.0
0.8 08 0.8
*“| 30 H..0/0..H 9.6% d; |3 c.c 6.7% d; | 3a H..N/N..H 6.4% d;
(A 06 08 1.0 1.2 1.4 16 1.8 20 22 24 (A 06 08 1.0 1.2 1.4 1.6 1.8 20 2.2 2.4 (A) 06 08 1.0 1.2 1.4 1.6 1.8 20 2.2 24
(e) (f) (8)
24 d. 24 de 24 de
2.2 2.2 ‘ 2.2
20 2.0 ‘ 2.0
1.8 1.8 ‘ 1.8
1.6 1.6 ‘ 1.6
1.4 14 ‘ 1.4
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08 ‘ 0.8 } 0.8
¢ 3q C..N/N...C 2.8% d; °’°\3a C..5/5..C 2.1% d: * 30 NoN 1% d;
(A 06 08 1.0 1.2 1.4 16 1.8 20 2.2 24 (A 06 08 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 (A) 06 08 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24

(h)

Hirshfeld surface analysis of (3a) Figure 12 shows HS of
the asymmetric unit of compound (3a). The corresponding
bold red circles represent classical O-H...S and N-H...S

@ Springer
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hydrogen bonds. Fingerprint plots depict H...H contacts are
the most prevalent (Fig. 13). Moreover, significant contribu-
tions come from H...S/S...H, H...C/C...H, H...0/O...H,
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Table 5 Percentage

o . . Contact (3a) (3b)
contributions of interatomic

contacts to the HS of the H..H 38.7 193
asymmetric units of (3a-3b) H.SS. H 195 192
H...C/C...H 11.9 15.3
H...0/0...H 9.6 21.7
C...C 6.7 35
H...N/N...H 6.4 8.2
C...N/N...C 2.8 2.0
C...S/s...C 2.1 2.1
N...N 1.1 0.3
C...0/0...C 04 33
S...S 0.1 0.1
N...0/0...N - 32
N...S/S...N - 0.6
0...5/S...0 - 1.2

C...S, S...C and N...N contacts. The weak contacts, < 1%
of the total are confined to Table 5.

Hirshfeld surface analysis of (3b) Figure 14 shows HS
of the two molecules comprising the asymmetric unit of
(3b). Consequently, the bold red circles represent classi-
cal N-H...S and N-H...O hydrogen bonds. The weaker
C-H...O hydrogen bond appears as faint red circle. The
major impact of introducing two additional oxygen atoms
of the nitro group in (3b) on the HS contributions is dis-
played in fingerprint plots in Fig. 15. H...O/O...H contacts

Fig. 14 HS of the asymmetric S1..
unit of (3b) mapped over d, ..,
in the range -0.4260 to 1.3158
au

.H6N-N6

NI-HI2N...O3

contribute most to the HS at 21.7% as compared to 9.6% in
(3a). Moreover, other substantial contributions come from
H...H, H...S/S...H, H...C/C...H and H...N/N...H con-
tacts. Furthermore, indication of nitro group on the HS is
the presence of C...0/O...C, N...0/O...N and O...S/S...O
contacts at moderate levels that are insignificant among the
contacts for (3a).

Conclusions

Given our interests in the synthesis, characterization and
structure determination of organic molecules with potential
pharmacological applications, herein the molecular, crys-
tal structures and Hirshfeld surface analyses of (E)-2-(4-
hydroxybenzylidene) hydrazine-1-carbothioamide, (3a)
and (E)-2-(3-nitrobenzylidene) hydrazine-1-carbothioam-
ide, (3b) is reported. Immediate interest in these structures
lies in the fact that they are both polymorphs of previously
reported structures but with significantly different cell occu-
pancies and dimensions. This implores the question of how
these structurally different materials would differ in their
pharmacological activity. Another important feature of
these structures is the singular differences in the Hirshfeld
surface contacts for the two structures. Whereas (3a) has a
more conventional surface contact distribution with more
than 50% being from H...H and H...C/C...H contacts with a
substantial contribution also from H...S/S...H interactions,
the situation for (3b) changes dramatically with the presence

C6-H6...01

NS5-HSN....02 03...H12N-N1

N6-H6N...S1
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Fig. 15 Full 2D fingerprint
plots for the asymmetric unit
of (3b), (a), together with (b-1)
separate contact types and
included surface areas for the
individual contacts. Minor con-
tacts contributing less than 1%
to the total surface area are not
shown but, for completeness,
are shown in Table 5

of the nitro group. While the H...S/S...H contacts remain
similar, H...O/O...H becomes the dominant contact, with
the H...H contact more than halved. It would be interesting

3b Al d;

(A 06 08 10 12 14 16 1.8 20 22 24

(a)

3b H..S/S..H 19.2% d;
A 06 08 1.0 1.2 1.4 1.6 1.8 20 22 24

(d)

3b C..C 3.5% d;

A 06 O8 10 12 1.4 16 L8 20 22 24

(g)

05 | | 11
36 C.5/5.C 2.1% d,
A 06 OB 10 12 14 16 18 20 22 24

(i)

to see if this trend extended to similar systems.

@ Springer

3b H.H 19.3% d,

A 06 08 1.0 1.2 1.4 16 18 20 22 24

3p H..0/0..H 2i.7% 4,

() 06 08 1.0 12 1.4 LK 1K 20 22 24

(b) (c)

£
3b H.N/N.H 82% ‘ d

A 06 08 10 12 L4 LB 18 20 22 24

3 H.C/C.H 153% d
A 06 08 1.0 1.2 1.4 1.6 1.8 2.0 22 2.4

(e) (f)

24 de
22
20
18
16
14
12
10
05
e &
3b C..0/0..C 3.3% d; 3b N..O/O.N 3.2% 4
A 05 08 10 1.2 1.4 16 1.8 20 22 24 A 06 08 L0 1.2 14 16 1.8 2.0 2.2 24

(h) (i)

6
3b 0..5/5.0 1.2% d;
A 0608 10 1.2 1.4 16 18 2.0 22 24

3b C.N/N.C 20% \di
A 06 08 10 12 12 16 18 20 22 2.4

(k) (1)
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