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Nucleophilicity of diatomic Lewis bases MA in Hydrogen-bonded:onscroso574
Complexes MA[THX: Influence of Group and Row of M in the

Periodic Table.!
Ibon Alkorta*[@l and Anthony C. Legon*I®]

Abstract

Nucleophilicities Ny4 of diatomic Lewis bases MA acting as hydrogen-bond acceptors
in complexes MATJHX are reported. The molecules MA were chosen so that the atom
M adjacent to the atoms A directly involved in the hydrogen bonds belonged to Groups
13, 14, 15, 16 and 17 of the Periodic Table. The effects of changing atom M from Rows
1 to 4 within a given Group were also investigated. The hydrogen-bond donors HX
involved in the complexes were HF, HCI, HBr, HI, HCCH, and HCP. Nucleophilicities
Nyua were determined from dissociation energies D, for the process MATTHX = MA +
HX by using D, = cNya.Enx + d, where Eyx are electrophilicities of the Lewis acids
HX, and ¢ and d are constants. The order of Nm A values was found to be: Row 4 >
Row3~ Row2 >> Row 1 in each of the Groups 13, 15, 15, 16 and 17. The effect of
adding an H atom to MA to give linear triatomic molecules HMA is considered.

The reduced nucleophilicities Mya = Nya/Omin (Omin 18 the minimum value of the
molecular electrostatic surface potential of MA) as a function of Group and Row of

atom M were also discussed for diatomic molecules MA.
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1. Introduction

In a recent article,! we discussed how the gas-phase nucleophilicity of atoms A in hydrides
H, A involved in hydrogen-bonded complexes H,A[ THX (X =F, Cl, Br, I CCH, CP) varied with
the Group and Row of atom A in the Periodic Table. Atoms A considered spanned Groups
13,14,15,16 and 17 of the Table. Within a given Group, the hydrides H,A from Rows 1,2,3
and 4 were investigated. It was discovered that the nucleophilicity of atom A (which is adjacent
to hydrogen atom of HX and therefore directly involved in the hydrogen bond) varied in the
order Row 1 >> Row2 >Row3 > Row 4 in each of the Groups 13, 15, 15, 16 and 17, with a

large decrease from Row 1 to Row 2 but with only small decreases from Rows 2 to 3 to 4.

Here we focus attention again on the effect of changing Group and Row of atoms in the
Periodic Table on nucleophilicity, but now the atom of interest (generically labelled M) in the
Lewis base is not the atom A directly involved in a hydrogen bond. Instead, it is the atom M
adjacent to atom A, herein after referred to as the adjacent atom. For simplicity, we shall focus
attention mainly on diatomic Lewis bases, denoted as MA, and their participation in hydrogen-
bonded complexes MAITHX. Atoms M belonging to Rows 1 to 4 of Groups 13 tol7 and Rows
1-4 of the Periodic Table will be considered. An investigation of the effect of substituting the

Lewis base by linear triatomic molecules HMA is also presented.

A brief history of the term ‘nucleophilicity’ and scales of nucleophilicity is available in ref.
[1], with reference to contributions of Ingold,? Swain and Scott,? Ritchie,* and Mayr.>® Here,
we employ the gas-phase nucleophilicity Nya (or Nyma). The compound adjective gas-phase
signifies that this quantity applies to an interacting pair of Lewis base and Lewis acid molecules
in isolation. Ny, is defined in terms of the equilibrium dissociation energy D, for the process

MA[UHX = MA +HX and the electrophilicity Eyx of the Lewis acid by means of eq.(1):
D= cNyaEux +d (1),

The evolution of eq.(1) from an initial proposal’ is described in ref. [1]. When, as here, D,
values are calculated in units of kJ mol! it is convenient to define the constant ¢ = 1 kJ mol!.
Then, Nyva and Eyx can be taken as dimensionless. In many cases investigated so far® (but not
always), d is zero within experimental error. Values of D, employed here were calculated ab
initio at the CCSD(T)(F12c)/cc-pVDZ-F12 level of theory. In the following sections, we
discuss the variation of nucleophilicities Ny (and of their relatives Nyya) as a function of the

Group and Row in the Periodic Table of atom M. Systematic variations within sets hydrogen
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bonds in MA[JHX (or HMA[JHX) will be sought. The nucleophilicities are obtained frany the oo
gradients Nya (or Ngma) of straight-line graphs of D./c versus Epx. The values of Eyx used
(6.75, 4.35,2.16 and 2.02, when X = F, Cl, CCH and CP, respectively), were obtained from a
least-squares fitting procedure, as set out in ref. [9]. The values Eyg, = 3.94 and Ey; = 2.77

employed are recent revisions quoted in refs. [10].
2. Computational Methods

The geometries of both monomeric and complex species were optimized by employing the
CCSD(T)-F12c¢ level of theory in combination with the cc-pVDZ-F12 basis set.!!"!3 For these
calculations, the frozen-core approximation was applied across all systems, In those cases, 10
(Sn), 13(Ga) and 13(In) electrons were included in the correlation treatment—rather than the

standard 4, 3 and 3, respectively—to mitigate interference between core and valence orbitals.

To account for basis set superposition errors (BSSE), the full counterpoise correction
technique developed by Boys and Bernardi'* was implemented. All quantum chemical
computations were performed using the MOLPRO software suite.!> Molecular electrostatic
potentials (MESP) were evaluated on the 0.001 au electron density iso-surface for isolated
monomers MA. These calculations were executed at the MP2/aug-cc-pVTZ level of theory:
(geometry and single-point energy consistent) via Gaussian-16.!7 Post-processing and analysis

of the MESP data were carried out using the Multiwfn package.'®
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3.1 The hydrogen bond acceptor is a diatomic Lewis base

3.1.1 The adjacent atom in the diatomic Lewis base belongs to Group 13

The Group 13 atoms M = B, Al, Ga, and In have the interesting property that their
hydrides HM form hydrogen bonds of two types H-M[THX and M-H[THX.!%2° For a given M
and HX, the latter are more strongly bound (according to the D, criterion) than the
corresponding more conventional hydrogen-bonded systems H-MIIHX, as discussed
elsewhere in refs. [19] and [20]. These Group 13 atoms can also form monofluorides?! M-F
that can participate in hydrogen-bonded complexes M-FITHX, because the axial region of the

F atom is nucleophilic (see later). The complexes M-FI[THX are of more relevance to this
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discussion than those of the monohydrides. Thus, graphs of D/c versus Eyx for the seriesM=cs s
FIJHX are shown in Figure 1.

InF---HX
604 © GaF---HX
© AIF...HX
BF---HX
50 - Grad. 6.46(16),intercept =4.5(6), R? =0.9976

(
Grad. 5.41(34) intercept =0.1(14), R? =0.9840
1 —— Grad. 3.97(33),intercept =1.2(13), R* =0.9736
(1

40 Grad. 0.29(4),intercept =0.60(16), R* =0.9258
&)
\‘D
Q 30 4

20 +

10 +

0 T T T T T T
0 1 2 3 4 5 6 7
EHX

Figure 1. Graphs of D./c for the four series of hydrogen-bonded complexes MF[ITHX (M =B, Al, Ga, In, and X =
F. Cl, Br, I, CCH, CP). In each complex the atom M adjacent to that (F) directly involved in the hydrogen. belongs
to Group 13 of the Periodic Table.

Note from Figure 1 that when the atom M adjacent to that directly involved in the hydrogen
bond (the adjacent atom) belongs to Group 13 of the Periodic Table, the order of the gradients
(and therefore of the nucleophilicities of the atoms (F of MF) bond) is In > Ga > Al >> B. Thus,
the nucleophilicity of the F atom increases with the Row number of the adjacent atom. In fact,

when the adjacent atom is boron, the complexes are barely bound.
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3.1.2 The adjacent atom in the diatomic Lewis base belongs to Group 14 of the Pegigdic Tablessoiox

There are two convenient groups of diatomic Lewis bases to be considered here that form
hydrogen-bonded complexes with molecules HX and in which the adjacent atom belongs to
Group 14. These are MO and MS, where M = C, Si, Ge, or Sn. Figures 2 and 3 show the graphs
of D./c versus Eyx for the two series MOTTHX and MSTTHX, respectively.

SnO---HX
O GeO--HX
704 © Si0---HX
CO---HX
&0 - Grad. = 6.82(35), intercept =6.9(14), R? = 0.9898
Grad. = 5.77(13), intercept =4.0(5), R = 0.9980
Grad. = 5.74(20), intercept =2.3(8), R = 0.9954
50 + Grad. = 0.90(11), intercept =0.4(4), R? = 0.2460
Em 40 4
Q
30 4
20 -
10
0 =
T T I T
0 2 4 6 8
Epx

Figure 2. Graphs of D./c versus Eyx for the four series MOITHX (M = C, Si, Ge, Sn, and X =F. Cl, Br, I, CCH,
CP), in which the atom M adjacent to that (O) directly involved in the hydrogen. belongs to Group 14.

Figure 2 indicates clearly that the gradients (and therefore the nucleophilicities of the
atom O directly involved in the hydrogen bond) lie in the order SnO > GeO ~ SiO >>CO, that
is Nyo is greatest when the adjacent atom belongs to Row 4 of the Periodic Table, and the

values decrease as the Row in the Table decreases.

This pattern is repeated in Figure 3. The order of nucleophilicities Nys is again SnS >
GeS ~ SiS >> CS and in fact complexes CSTIHX are essentially unbound, indicating that the
nucleophilicity of the S atom in this context is effectively zero. The pattern of the straight lines

in Figures 1, 2 and 3 is very similar.
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25
SnS---HX
©® GeS.---HX
O SiS---HX
20 CS---HX
Grad. = 1.88(9), intercept = 2.8(4), R% = 0.9909
Grad. = 1.29(9), intercept = 2.1(4), RZ = 0.9797
Grad. = 1.09(6), intercept = 1.8(2), R° = 0.9890
Grad.=~0
15 S
&)
-
W
Q 104
5 4
0
1 1 1
2 4 6 8
EHX

Figure 3. Graphs of D./c for the four series MS[ITHX (M =C, Si, Ge, Sn, and X =F. Cl, Br, I, CCH, CP), in which
the atom M adjacent to that (S) directly involved in the hydrogen bond belongs to Group 14.

3.1.3 The adjacent atom in the diatomic Lewis base belongs to Group 15 of the Periodic Table.

The complexes in which the adjacent atom is from Group 15 of the Periodic Table were chosen
as the set MNLIHX, in which M = N, P, As or Sb and X =F, Cl, Br, I, CCH, CP. The
corresponding graphs of D./c versus Eyx are in Figure 4. It is clear from Figure 4 that the
gradients of the straight-line graphs are again in the order of the atoms in the Rows 4,3,2,1 in
Group 15, that is Sb > As ~ P >> N. Evidently, the nucleophilicity of the atom involved directly
in the hydrogen bond is greatly enhanced when the adjacent atom is from Row 4 relative to
that from Row 1. The enhancement is less (but nearly equal) when the adjacent atoms are from

Rows 2 and 3.
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60 © SbN...-HX
|| © AsN---HX

© PN---HX
50| @ Ny-HX
—— Grad. = 5.82(16), intercept = 0.2(11), R? =0.9970
1—— Grad. = 5.02(10), intercept = 1.4(4), R* =0.9983
40 - Grad. = 4.99(27), intercept = 0.2(11), R? =0.9888
Grad. = 1.32(17), intercept = 0.2(11), &2 =0.9386

c

o 30 HF
20 -
10 1 o o
] oo <, o~
0 T T T T T T
0 1 2 3 4 5 B 7

Figure 4. Graphs of D./c for the four series MNIUHX (M =N, P, As, Sb, and X =F. Cl, Br, I, CCH, CP) in which
the atom M adjacent to that (N) directly involved in the hydrogen bond. belongs to Group 15.

3.1.4 The adjacent atom in the diatomic Lewis base belongs to Group 16 of the Periodic Table.

Here an appropriate choice of the diatomic Lewis bases is the series MC, in which the adjacent
atom M = O, S, Se or Te. The four graphs of D./c versus Eyx are set out in Figure 5. The order
of the nucleophilicities of the atoms M in the diatomic molecules MC in respect of hydrogen
bond formation are again M = Te > Se ~ S >> O. This appears to be a property common to all
the adjacent atoms M in diatomic Lewis bases MA so far investigated, namely that the atom
from Row 4 leads to the largest enhancement of the nucleophilicity relative to that of the Row

1 atom, while the Row 2 and 3 atoms lead to lesser but nearly equal increase
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45
© TeC--HX
40| © SeC--HX
SCHX
@ OC.-HX
35 o |—— Grad. = 4.75(9), intercept = 0.03(36), R® = 0.9985
l—— Grad. = 4.36(16), intercept = -0.4(6), R® = 0.9944
30 4 Grad. = 4.33(22), intercept = -1.0(9), R = 0.9898
—— Grad. = 2.14(23), intercept = -1.0(9), R = 0.9572
o 287 HF
\GJ
Q 20 -
15
10 o
C,H
HCp 22 ©
5 M
O .
T T T T T T T T
0 1 2 3 4 5 6 7
=

Figure 5. Graphs of D./c for the four series MCLIHX (M =0, S, Se, Te, and X =F. Cl, Br, I, CCH, CP) in which
the atom M adjacent to that (C) directly involved in the hydrogen bond belongs to Group 16.

3.1.5 The adjacent atom in the diatomic Lewis base belongs to Group 17 of the Periodic Table.

Although the most common valency of the atoms in Group 13 is three, it turns out that, for
example, F-B is a known compound that has been investigated both theoretically and
spectroscopically.?!-?? 1t is therefore possible to examine the boron mono-halides M-B (M =
F, Cl, Br, I) as an appropriate series of diatomic molecules to form hydrogen-bonded complexes
of the type M-BI/HX and therefore in which the adjacent atom M is from Group 17 of the
Periodic Table. Graphs of D./c versus Eyx for this series are displayed in Figure 6. Two
observations can made about Figure 6. First, the spread of gradients is much smaller than
observed in Figures 1-5. Secondly, the order of the gradients when the adjacent atom M is a

halogen is different from those noted previously. No longer does the Row 4 adjacent atom 1
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confer the largest enhancement of nucleophilicity on the boron atom. Cl now fulfils, that tle: o5 oi0n

Thus, an unambiguous conclusion is not possible in this case.

@ CI-B---HX
® BrB--HX
304 | © 1B..HX
F-B---HX
—— Grad. = 3.90(11), intercept = -1.1(4), R? = 0.9970

g Grad. = 3.67(9), intercept = -0.9(4), R? = 0.9977 /
S Grad. = 3.52(10), intercept = -0.8(4), RZ = 0.9916 g
= Grad. =3.29(16), intercept = -1.2(6), R = 0.9966 | _
2 o *7 HF
g Q
-}
o
[32]
5
S 10
< HI
g HCCH
g HCP
g
] 014 T T T
< 0 2 4 6
B
5 Epx
©
o}
]
5
é Figure 6. Graphs of D./c for the four series MB[JHX (M =F, Cl, Br, I, and X =F. Cl, Br, I, CCH, CP) in which
2 the atom M adjacent to that directly involved in the hydrogen bond belongs to Group 17 of the Periodic Table.
S
B
9
ey
'_

3.2 The hydrogen-bond acceptor is a linear triatomic molecule HMA.
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The general conclusion from Section 3.1 is that the nucleophilicity of the atom A of a
diatomic molecule MA directly involved in a hydrogen bond complex MAITHX formed with
Lewis acids HX (X = F, Cl, Br, I, CCH, CP) varies in a systematic way with the Group and
Row of M in the Periodic Table. Thus, when the adjacent atom M belongs to one of the Groups
13-17 of the Periodic Table, the nucleophilicity of atom A varies with Row according to:
Row4>Row3 > Row2 >>Row 1, although the example when M is a Group 17 atom is possibly
an exception. It is of interest to examine whether a similar pattern emerges when the hydrogen-
bond acceptor molecule consists of a hydrogen atom added to MA to yield triatomic molecule

HMA in which M is again the adjacent atom. We consider three cases: HMO (M is a Group 13
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atom), HMN (M is a Group 14 atom) and HMC (M is a Group 15 atom). Hydrogen bond$/t6:::i0x
O of HMO were investigated recently,? while HNC and HCN as Lewis bases are well known.

3.2.1 The adjacent atom M resides in Group 13 of the Periodic Table.

The example chosen in this category is HMO[THX, with M =B, Al, Ga or In and A = O. Figure
7 shows the D./c versus Eyx graphs for the four series HMO!/HX (X =F, CL, Br, I, CCH, CP).
The order of the nucleophilicity of the O atom in its direct involvement in a hydrogen bond is
now M =Al > Ga ~ In >> B. Recall that this order represents a change from that In >Ga ~ Al
>> B given in Figure 1 for the series MF[THX. The Row 4 (In) and Row 2 (Al) atoms are now

interchanged.

© HAIO- HX
804 ® HGao..HX
HINO---HX
70 HBO--HX
—— Grad. = 8.00(47), intercept = 7.9(19), R?>=0.9865
Grad. = 6.31(17), intercept = 6.40(68), R°=0.9971
60 1 Grad. = 6.23(31), intercept = 9.1(12), R?=0.9901
Grad. = 4.33(36), intercept = 1.1(14), R?=0.9732
50 4
LS}
\ﬂ.)
Q40 1
30 4
20
10 4
0 7] T T T T T T
0 1 2 3 4 5 6 7

Figure 7. Graphs of D./c for the four series HMOL'HX (M = B, Al, Ga, In, and X =F. Cl, Br, I, CCH, CP) in
which the adjacent atom M directly involved in the hydrogen bond belongs to Group 13.

3.2.2 The adjacent atom M resides in Group 14 of the Periodic Table

A convenient series of hydrogen-bonded complexes HMA['HX in which M is from
Group 14 of the Periodic Table is HMN[/HX, where M = C, Si, Ge or Sn. Thus, the HMN are

analogues of hydrocyanic acid. The graphs of D./c versus Eyx for this series are set out in

10
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Figure 8. HSiN now has the largest gradient and nucleophilicity, while those assogjated . Witho557x
HGeN, HSnN and HCN are equal within the standard errors of the fit but smaller than that of
HSiN. The order is thus different from that observed in Section 3.1 for the various series

MATTHX.

{1 © HSIiN...HX

© HGeN---HX

50 + HSAN--HX

© HCN---HX

Grad.= 5.40(13), intercept = 3.2(5), R? = 0.9978
40 4~ Grad. = 4.61(13), Intercept = 3.4(6)(9), R? =0.9851

Grad. = 4.40(19), Intercept = 4.7(8), R? = 0.9925
Grad. = 4.35(35), Intercept = -0.2(15)(9), R = 0.9748 "

© 304

20

Figure 8. Graphs of D./c versus Eyx for the four series HMNIHX (M = C, Si, Ge, Sn), (X =F. Cl, Br, I, CCH,
CP) in which the atom M adjacent to that directly involved in the hydrogen bond belongs to Group 14.

3.2.3 The adjacent atom resides in Group 15 of the Periodic Table.

An example of a group of triatomic molecules capable of forming hydrogen bonds in which
the atom adjacent to that directly involved in a hydrogen bond to HX resides in Group 15 of
the Periodic Table are those related to HNC, namely HMC, where M =N, P, As, Sb. Figure 9
carries the D./c versus Eyx graphs for the four series HNCIJHX (M = N, P, As, Sb). The
gradients are in the order Row 1 > Row 2 > Row 3 > Row 4. This order is reversed from that
(Row 4 > Row 3 ~ Row 2>> Rowl) found in Figure 4 for the series MN[IHX in which the
diatomic Lewis bases were N,, PN, AsN and SbN.

11
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1 ® HNG--HX
HPC---HX
HASC:+ HX

404 © HsbC-HX

1= Grad. = 4 74(27), intercept = -0.9(11), R? = 0 9868

35 1 Grad. = 3.71(10), intercept = 0.8(4), R? = 0.9973

30 4—— Grad. = 2.48(15), intercept = 2.3(6), RZ = 0.9866

204

154

10 4

(
(

Grad. = 2.95(14), intercept = 1.8(6), R = 0.9911
(
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Figure 9. Graphs of D./c versus Eyx for the four series HMCIIHX (M = N, P, As, Sb), (X =F. Cl, Br, I, CCH,

CP) in which the atoms M are adjacent to that (C) directly involved in the hydrogen bond belongs to Group 15.

A more direct comparison of the effect on nucleophilicity of converting a diatomic

Lewis base to a linear triatomic molecule is possible by comparing the series OMO[HX with

that MOIJHX (M = C, Si, Ge, Sn). The latter series was discussed with the aid of Figure 2. The

graphs of D /c versus Eyx for the series OMOITHX (M = C, Si, Ge, Sn) are in Figure 10.

D.c

© 0Si0---HX
0Sn0--HX
40 © 0Ge0.--HX
0CO---HX
Grad. = 3.76(25), intercept = 1.7(10), R? = 0.9829
Grad. = 3.68(10). intercept = 5.2(4), R® = 0.9969
—— Grad. = 3.19(24), intercept = 2.5(10), R? = 0.9782
30 1 Grad. =1.52(17), intercept = 0.9(7)(10), 2 = 0.9515
20 A
10 4
0 T T T
0 2 4 6

Figure 10. Graphs of D./c versus Eyx for the four series OMO[HX (M = C,Si, Ge, Sn), (X =F. Cl, Br, I, CCH,

CP) in which the atom M adjacent to the O atom directly involved in the hydrogen bond belongs to Group 14.
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The gradients (and therefore the nucleophilicities of the O atom directly involyed s thes smn
hydrogen bond) are in the order Si ~ Sn ~ Ge >> C. The result from Figure 2 for the MO THX
series is Sn > Ge ~Si >>C. Thus, the conversion of Lewis base MO to OMO appears to change
the order of the nucleophilicities of the O atom involved in the hydrogen bond but these do

involve quite large standard errors.

The general conclusion from considering hydrogen-bonded complexes HMA[THX formed
from linear triatomic molecules HMA is that the systematic pattern observed for various series
MAT[THX considered in Section 3.1 is destroyed by attaching a hydrogen to the adjacent atom
M.

3.3 Reduced nucleophilicities of diatomic Lewis bases MA.

If hydrogen-bonded complexes can be described as having a significant electrostatic
contribution to the H-bond interaction energy, an important property of an axially symmetric
Lewis base molecule (such as those MA discussed in this article) involved is the so-called
molecular electrostatic surface potential (MESP),?* which is commonly defined as the value of

the electrostatic potential energy of a proton at the 0.001 e/bohr3electron-density iso-surface of

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

the molecule. Such Lewis bases have a non-bonding electron pair on the symmetry axis that
is associated with the atom directly involved in the hydrogen bond. The MESP on the molecular

axis, near to that atom, is usually the minimum (most negative) value associated with the

Open Access Article. Published on 23 September 2025. Downloaded on 9/24/2025 5:03:07 AM.

molecule and is assigned the symbol o,,i,. As discussed elsewhere,®!? it is possible to define,

(cc)

through eq.(2), a reduced nucleophilicity Uya for a Lewis base MA by:
Mva= Nva/ Omin 2).

Eq. (2) was tested for several groups of simple, axially symmetric Lewis bases, each carrying
a non-bonding electron pair on the symmetry axis.>! The terminal atom M of all members of
a given group of complexes MA[THX was identical but was varied from group to group.
Examples of groups were (RC, R =0, S, Se), (RCN, R = CHs, H, F), (RNC, R = CH3, H, F),
and so on. Within a given group, the quantity / obtained via eq.(2) was found to be invariant
within the standard errors imposed on it by the scatter in the nucleophilicity values N and was

therefore assigned the name ‘reduced nucleophilicity’. Thus, U is clearly an intrinsic property
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of a given group. It is of interest to examine whether the notion of a reduced nu¢leophiliCity's;  in

Open Access Article. Published on 23 September 2025. Downloaded on 9/24/2025 5:03:07 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

can be extended to include the diatomic Lewis bases MA that were discussed in Section 3.1.

In particular, how does / vary with the adjacent atom M?

Table 1 applies to the Lewis bases MA used in the discussion of Figures 1-6. It includes
Omin Values of each MA molecule calculated at the MP2/aug-cc-pVTZ level of theory, the
nucleophilicities Nya and, in the penultimate column, the reduced nucleophilicities M4, as
calculated with Eq.(2). The Lewis base MA for all systems in Table 1 carry an axial non-

bonding electron pair that is involved in the H-bond interaction.

Table 1 reveals that the reduced nucleophilicities are close to being independent of the
Row and Group of the atom A in the Periodic Table, given the magnitude of the standard errors
in the values of Nya from which they are determined. There is some indication that the Row 4
atoms do not fit the pattern, however. In the final column of Table 1 is recorded the mean value
of Uy for the Row 1, 2 and 3 atoms M only. These values suggest (but do not prove) that there
is not only little variation of Uy with the row of M in the Periodic Table, but also with its

Group.

It has been shown elsewhere?’ that it is possible to use a parallel approach involving the
maximum value o, of the MESP of the Lewis acids HX to define the corresponding reduced

electrophilicities Syx = Eyx/omax 0of the Lewis acids HX.

4. Conclusions

The conclusions from the investigations reported in this article may be summarised as follows:

(a) There is a pattern in the changes in the nucleophilicity Ny of a diatomic Lewis base
MA when involved in hydrogen-bonded complexes MA[THX. The pattern is brought
about by changing the Group and Row of the atom M adjacent to the atom A directly
involved in the hydrogen bond. The pattern is independent of the Group of atom A
(with the possible exception of Group 17) but has the order Row4>Row3 > Row2

>>Row 1.
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(b) The reduced nucleophilicities My for most diatomic Lewis bases MA jnyestighted s oion
here are very similar and are close to independent of the Group and Row of M in the
Periodic Table, after obvious difficult cases are excluded.

(c) When a hydrogen atom is added to MA to give the linear triatomic Lewis base HMA,
the pattern identified in (a) for the MAITHX systems is not reproduced for the
HMA[HX systems.
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Table 1. Values of nucleophilicities Nya and reduced nucleophilicities My, of Lewis bases

MA

Source of | Lewis  Gmin(MA)/ Nuia Ma= Nua/ Omin MMa  (mean
data base MA  kJ mol’! rows 3-5)
Figure 1# BF +10.1 0.29(4) -

AIF  -1258 3.97(33)  -0.0315(28)

GaF  -146.4 5.41(34)  -0.0369(24)

InF  -187.7 6.46(16)  -0.0344(9) 0.0343(23)
Figure 2 coO  -172 0.90(11)  -0.052(9)

SiO -157.4 5.74(20)  -0.0365(12)

GeO  -151.1 577(13)  -0.0382(8)

SnO0  -171.0 6.82(35)  0.0399(20) 0.0374(8)?
Figure 3 CS -21.6 No value

SIS -30.6 1.09(6)  0.0356(20)

GeS  -36.0 12909)  0.0358(25)

SnS  -66.4 1.88(9)  0.0283(14) 0.0357(1)
Figure 4 N,  -358 132(17)  0.0369(47)

PN -1315 4.9927)  0.0379(21)

AsN -128.9 5.02(10)  0.0389(8)

SN -134.2 5.82(16)  0.0433(13) 0.0379(10)
Figure 5 OC  -585 2.14(23)  0.0369(36)

sC  -119.7 433(22)  0.0362(18)

SeC  -125.6 436(16)  0.0347(13)

TeC  -140.9 47509)  0.0337(6) 0.0359(11)
Figure 6 FB  -89.3 3.29(16)  0.0368(18)

CIB  -103.7 3.90(11)  0.0376(11)

BrB -99.0 3.67(9) 0.0371(9)

B -90.9 3.52(10)  0.0387(12) 0.0372(4)
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& Data for the M-H[THX are included for completeness only. The M-H acting as Lewis base when,M is, %’Ogif@‘};EPOSZW A

13 atom do not involve a non-bonding electron pair on H and therefore the nature of the M-H[JHX interaction

must be different from that at play in the other systems considered here.

®Very low value for CO (O as acceptor atom) excluded from mean.
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The Optimised cartesian Coord inates of all H-bonded complexes are made available a
Supplementary Information.
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