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Abstract
The effect of changing the nature of the R substituent from the first row (H, Li, BeH,  BH2,  CH3,  NH2, OH and F) to second 
row (Na, MgH,  AlH2,  SiH3,  PH2, SH and Cl) on the intrinsic acidity and basicity of R–C≡COH and R–C≡CSH compounds 
was investigated through the use of G4 high-level ab initio calculation. The variation of the acidity and basicity of the R–
C≡CSH derivatives as a function of R is practically parallel to that found for the corresponding R–C≡COH analogs; though 
the basicities of the former are 9–14% higher than those of the latter, the acidity gap being very small (~ 2%). When this 
analysis is extended to the derivatives in which the triple CC bond is replaced by a double or single bond, it is found that 
the acidity gap increases systematically as the CC bond goes from triple to single; whereas, as expected for the basicity, the 
trend is the opposite. Quite surprisingly, however, the variation of the basicity of R–C≡CX (X = OH, SH) compounds with 
the nature of the first-row substituents, R, is remarkably different from that produced by the second-row analogs. The same 
is observed as far as intrinsic acidities are concerned. These dissimilarities reflect the rather different changes in the strength 
of the CC and the CX (X = OH, SH) bonds when a first-row substituent is replaced by the second-row analog, as reflected 
in the atoms in molecules (AIM), natural bond orbital (NBO) and the electron localization function (ELF) analyses of the 
corresponding species.
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1 Introduction

Our information on the structure, stability and reactivity of 
small chemical compounds of astrochemical relevance is 
rather scarce. Many of the compounds detected in the inter-
stellar medium are hard to be synthesized in the laboratory, 
and therefore, the information we have on their structure, 

properties and reactivity is fragmentary, and much of it 
comes from theoretical approaches. Indeed, mainly along 
the last decade, a lot of information on the reactivity of many 
potential astrochemical compounds came from high-level 
ab initio calculations [1–8]. In a similar way, it was pos-
sible to determine the structure of new or potential astro-
chemical compounds [9–12] or predict their existence and/
or their spectroscopic properties [12–26], or to explore their 
behavior in water or ice [27–29]. A fairly complete set of 
data on different astrochemical compounds have been com-
piled 2 years ago [30]. Still, as mentioned above, it is often 
extremely difficult to synthesize and analyze in the labora-
tory some specific astrochemical systems. A good example 
of compounds difficult to characterize experimentally is 
(Z)-1,2-ethenediol, the enol form of glycolaldehyde, which 
was detected for the first time in the interstellar medium 
very recently [31]. Quite unexpected, though the enthalpy of 
the formation of this enol was reported more than 30 years 
ago [32], it is rather unstable because of the larger stabil-
ity of corresponding oxo forms [33]. The detection of (Z)-
1,2-ethenediol in the interstellar medium (an isomer of the 
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ubiquitous glycolaldehyde) suggests the possible existence 
of the analogous ethyne-1,2-diol (HOC≡COH) derivative, 
in which the C = C double bond was replaced by a CC triple 
bond, but which was never synthesized. This situation is 
apparently the same when the OH groups are replaced by 
any other groups like in ethyne-1,2-diamine  (H2NC≡CNH2) 
for which an isomer has been detected, the aminoacetoni-
trile [34]. This prompted us to consider the importance of 
having precise information on the properties of this type of 
compounds, and how these properties can be modulated by 
changing the nature of the substituents that can be attached 
to the carbon atoms. To carry out such an assessment, we 
decided to systematically investigate, through the use of reli-
able molecular orbital calculations, the gas-phase basicity 
and acidity of R–C≡COH compounds, when the R substitu-
ent is not only a hydroxyl group, but also any possible group 
from the first and second row of the periodic table (Li, BeH, 
 BH2,  CH3,  NH2, OH, F, Na, MgH,  AlH2,  SiH3,  PH2, SH 
and Cl). For the sake of completeness, taking into account 
that the sulfur-containing analogs are also of astrochemical 
relevance, we have also included in our theoretical survey 
the corresponding R–C≡CSH series.

Acidities and basicities are calculated as the enthalpy or 
the free energy of reactions (1) and (2), respectively, at a 
temperature of 298.150 Kelvin and a pressure of 1.0 Atm.

where X = O, S.
Since as indicated in reaction (1), the acidity is the energy 

required to deprotonate the neutral compound; the larger the 
value of the enthalpy or the free energy of reaction (1), the 
smaller the acidity. The basicity is usually given as the nega-
tive of enthalpy or free energy of reaction (2) to use positive 
values. In our work, we will use enthalpies instead of free 
energies. However, our conclusions will not change; since, 
as shown in Figure S1 of the Supporting Information, for 
both acidities and basicities, the correlation between enthal-
pies and free energies is very good with excellent linear cor-
relations between both magnitudes.

2  Computational details

To accurately describe the intrinsic reactivity patterns 
of the compounds under investigation, in particular 
their intrinsic basicities and acidities, it is unavoidable 
to use an accurate enough theoretical model, such as the 
Gaussian-4 (G4) theory [35]. The G4 method is actu-
ally a composite high-level ab initio formalism, based 

(1)R − C ≡ CXH → R − C ≡ CX
−
+ H

+

(2)R − C ≡ CXH + H
+
→ R − C ≡ CXH

+

2

on a wise combination of well-defined MP2, MP4 and 
CCSD(T) molecular orbital calculations with the aim 
of having an accurate description of dispersion interac-
tions. The result is that G4 provides energetic outcomes 
for different thermodynamic properties of a large set of 
chemical compounds with an average absolute deviation 
of 3.47 kJ  mol−1 [35].

In the G4 procedure, the final energies are obtained 
by combining contributions obtained through the use of 
Møller–Plesset perturbation theory up to the fourth order 
and CCSD(T) coupled cluster theory, with the final goal 
of accurately account for the electron correlation effects. 
To these MPn and CCSD(T) energy contributions, an esti-
mation of the Hartree–Fock energy limit  (HFlimit) together 
with two high-level empirical corrections is added, in 
order to ensure that the final energies are accurate up to 
a CCSD(T,full)/G3LargeXP +  HFlimit level. These ab ini-
tio calculations are carried out on previously B3LYP/6-
31G(2df,p) optimized geometries. The corresponding 
thermal corrections are also obtained at this DFT level 
of theory [35]. Although very few experimental measure-
ments on the acidities of these kind of systems are avail-
able, we have calculated the gas-phase acidities of HCCH, 
EtOH and EtSH whose experimental gas-phase acidities 
and basicities are known [36–38], in order to check the 
reliability of our procedure. As shown in Table S1 of the 
Supporting Information, though the error of some experi-
mental outcomes is large, the agreement between both 
sets, experimental and theoretical values is excellent.

In order to rationalize the bonding characteristics of the 
compounds under scrutiny, we have used three complemen-
tary procedures, namely, the atoms in molecules (AIM) 
theory [39], the natural bond orbital (NBO) method [40] 
and the electron localization function (ELF) formalism [41]. 
This AIM method is based on a topological analysis of the 
molecular electron density, ρ(r), with the aim of locating its 
critical points, because the maxima of ρ(r) are associated 
with the nuclei, whereas the first-order saddle points, usu-
ally named bond critical points (BCPs), located between two 
maxima indicate the existence of a bonding interaction, so 
that its electron density provides useful information on the 
strength and nature of the bond to which the BCP is associ-
ated. This procedure also provides useful structural informa-
tion through the molecular graph of the system formed by 
the lines, generally named bond paths, connecting neighbor 
maxima and containing a BCP. All these calculations have 
been carried out by using the AIMAll (Version 11.12.19) 
code [42].

A useful complementary view can be reached through 
the use of localized hybrids and lone pairs obtained as 
local block eigenvectors of the one-particle density, in the 
framework of the natural bond orbital (NBO) method [40]. 
The characteristics of these hybrid orbitals and their weight 
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provide a rather realistic view of the bonding patterns stabi-
lizing the system. On top of that, a second-order perturbation 
formalism, within this framework, permits to evaluate the 
interaction energies between occupied and empty orbitals 
contributing to the stability of the molecule.

The ELF approach analyzes the probability of finding, 
for a given chemical system, an electron in the same posi-
tion as a reference electron with the same spin. This leads 
to the definition and classification of the areas in which the 
electrons of the system are distributed in monosynaptic 
and disynaptic (or polysynaptic) basins. The monosynaptic 
basins are associated with a single nucleus and correspond 
to core electrons and/or electron lone pairs. Conversely, the 
disynaptic (or polysynaptic) basins correspond to the two-
center or more than two-center bonding regions.

3  Results and discussion

The optimized structures for the neutral, protonated and 
deprotonated forms of compounds included in this survey 
are provided in Table S2 of the Supporting Information. In 
Table 1, their G4-calculated gas-phase acidities and basici-
ties are given.

The first conspicuous fact, as illustrated in Fig. 1, is that 
the acidities and basicities of the OH and SH derivatives 
followed rather similar trends, as the variation of these two 
magnitudes with the nature of the R substituent yield curves, 
for both sets of derivatives, which are practically parallel. 
It can be also observed that the acidities do not only follow 
similar trends for both sets of compounds, but they are very 
close in such a way that the acidities for the OH deriva-
tives differ from those of the SH counterparts by less than 
2%. Also, for some first-row substituents (R = BeH,  BH2, 
F), the SH derivatives are slightly less acidic than the OH 
ones, whereas for the second-row substituents, with the only 
exception of R = Na, the thio derivatives are systematically 
slightly more acidic than the oxy ones. For the basicities, 
however, the SH derivatives are found to be 9–14% more 
basic than the OH-containing analogs.

The first accurate acidity of HC≡COH calculated at 
MP4/6–311 + G** level was reported back in 1989 by 
Radom et al. [43]. This value, 1390 kJ·mol−1, is in very nice 
agreement with an G2 estimation published in 2005 [44] and 
with the G4-value reported here (see Table 2), showing that 
ethynol should be slightly more acidic in the gas phase than 
HCl, whose reported experimental acidity (1394.9 kJ·mol−1) 
is 4 kJ·mol−1 smaller [45]. The high gas-phase acidity pre-
dicted for ethynol is also coherent with the high acidity in 
aqueous solution measured for 2-phenylethynol, PhC≡COH, 
for which a  pKa ≤ 2.8 was measured which is 7  pKa units 
more acidic than its enol analog, PhCH = CHOH [46]. Our 
G4 calculations also show that ethynethiol, HC≡CSH, is 
even more acidic than ethynol in very good agreement with 
the G2-values reported before [44]. Unfortunately, however, 
the experimental information on the gas-phase acidity and 
basicity of the C≡C unsaturated compounds included in this 
study is totally inexistent, and only for the two saturated ana-
logs,  CH3-CH2X (X = OH, SH), both properties are known 
[36], whereas for the  CH2 = CHX (X = OH, SH) compounds, 
only the experimental gas-phase acidity has been reported 
[44]. The surprising finding, however, is that when looking 
at the experimental acidities and basicities of the  CH3-CH2X 
(X = OH, SH) derivatives, it is observed that the gap between 
their acidities (98 kJ·mol−1) is almost one order of magni-
tude larger than the gap between their basicities, whereas 
our theoretical results for the analogs with a CC triple bond 
show a completely opposite behavior, an acidity gap of only 
4.6 kJ·mol−1 vs. basicity gap of 82.7 kJ·mol−1. This appar-
ent contradiction moved us to investigate whether there is 
a significant effect of the unsaturation of the alkyl chain on 
these intrinsic properties. For this purpose, we have evalu-
ated the gas-phase acidities and basicities of the three cou-
ples  CH3-CH2X,  H2C = CHX and HC≡CX (X = OH, SH). 
The results obtained are summarized in Table 2.

It can be seen that the acidity and basicity gaps for the 
ethanol and ethanethiol are in very good agreement with 

Table 1  G4-calculated gas-phase acidities (ΔHgas,acid) and basicities 
(ΔHgas,bas) (all values in kJ·mol−1) for RC≡CX derivatives (R = Li, 
BeH,  BH2,  CH3,  NH2, OH, F, Na, MgH,  AlH2,  SiH3,  PH2, SH, Cl; 
X = OH, SH)

a This value is in good agreement with the MP4/6–311 + G** estimate 
of ref. [42] (1390  kJ·mol−1) and with the G2-value reported in ref. 
[43] (1391 kJ·mol−1)
b This value is in good agreement with the G2 estimate of ref. [43] 
(1384 kJ·mol−1)

Gas-phase acidity 
(ΔHgas,acid)

Gas-phase basicity 
(ΔHgas,bas)

Compound X = OH X = SH X = OH X = SH

HCCX 1391.1a 1386.5b 622.9 705.6
LiCCX 1478.0 1473.6 762.6 837.9
BeHCCX 1322.4 1340.7 625.5 710
BH2CCX 1315.3 1333.7 611.1 692.5
CH3CCX 1420.5 1409.9 660.3 741
NH2CCX 1436.3 1429.4 705.4 768.5
HOCCX 1422.6 1419.6 665.6 744.9
FCCX 1374.9 1390.8 623.3 708.3
NaCCX 1499.5 1479.8 794.3 867.5
MgHCCX 1373.9 1383.9 674.8 755.3
AlH2CCX 1319.6 1340.7 638.7 722
SiH3CCX 1328.1 1344.2 632.7 718.2
PH2CCX 1349.8 1361.5 639.4 724.8
HSCCX 1367.1 1376.1 648.1 727.7
ClCCX 1361.3 1372.9 627.9 716
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the experimental values, showing indeed that the gap 
between the acidities (99.8 kJ·mol−1) is almost one order 
of magnitude larger than the gap between the basicities 

(15.1 kJ·mol−1). However, the values in the table also show 
that the gap for the acidities decreases significantly when the 
unsaturation of the C–C bond increases, whereas the oppo-
site is observed for the corresponding basicities (see also 
Figure S2 of the Supporting Information). These results sim-
ply reflect that on going from  CH3–CH2O− to  CH2 =  CHO−, 
the conjugation between the C = C double bond and the C–O 
bond, being the O atom a first-row element, is much stronger 
than the same conjugation between the C = C and the C-S 
bond. The same happens on going from  CH2 =  CHO− to 
CH≡CO− to the point that in the latter, the C-O bond is prac-
tically a double bond, whereas the double-bond character of 
the C-S bond in the CH≡CS− is much smaller.

In a similar way, the basicity decreases necessarily when 
the C–C bond order increases because it implies an increase 
of the effective electronegativity of the CC group with 
respect to the X (X = OH, SH) attached to it. Accordingly, 
the electron donor ability of the X group decreases as well 
as its intrinsic basicity. However, the effect is smaller for 
the thio derivative, because S being a second-row element 
is more polarizable than O and the aforementioned electron-
egativity enhancement necessarily smaller.
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Fig. 1  Evolution of the gas-phase acidities and basicities for RC≡COH and RC≡CSH derivatives. R (first-row substituents) 1 = Li, 2 = BeH, 
3 =  BH2, 4 =  CH3, 5 =  NH2, 6 = OH and 7 = F. R (second-row substituents) 1 = Na, 2 = MgH, 3 =  AlH2, 4 =  SiH3, 5 =  PH2, 6 = SH and 7 = Cl)

Table 2  G4-calculated gas-phase acidity and basicity for  CH3-CH2X, 
 H2C = CHX and HC≡CX (X = OH, SH) derivatives

Δacidity and Δbasicity are the acidity and basicity differences between 
OH- and SH-containing derivatives, when the CC bond order goes 
from one to two and from two to three, respectively. All values in 
kJ·mol−1

a The experimental acidities for  CH3-CH2OH and  CH3-CH2SH are 
1586.2 ± 0.42 and 1488. ± 8.8 kJ·mol−1, respectively (see ref. [35])
b The experimental basicities for  CH3-CH2OH and  CH3-CH2SH are 
776.4 and 789.6 kJ·mol−1, respectively (see ref. [35])

Compound Acidity (ΔHgas,acid) Basicity 
(ΔHgas,bas)

Δacidity Δbasicity

CH3-CH2OH 1587.1a 777.6b 99.8 15.1
CH3-CH2SH 1487.4a 792.7b

H2C = CHOH 1489.8 725.0 45.5 35.2
H2C = CHSH 1444.3 760.2
HC≡COH 1391.1 622.9 4.6 82.7
HC≡CSH 1386.5 705.6
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4  Specificity of substituent effects

Since, as we have discussed in detail above, the substituent 
effects go in the same sense for the RCCOH and RCCSH 
families, it does not matter whether the active center for 
protonation or deprotonation is a OH or a SH group, in what 
follows, and for simplicity, we are going to focus our discus-
sion on RC≡COH derivatives to investigate the variation of 
both intrinsic properties when the first-row substituents are 
replaced by their second-row analogs. Rather unexpectedly, 
though the acidity and basicity trends follow the same pat-
terns irrespective the nature of the active site (OH or SH), 

the trends observed when moving from the first-row sub-
stituents to second-row substituents, change significantly. 
Let us start our analysis with the intrinsic acidities.

As illustrated in Fig. 2a, the Li (Na) derivative is the one 
with the smallest acidity of the corresponding series. Going 
from Li to BeH and  BH2 (or from Na to MgH and  AlH2), a 
significant increase in the acidity of the system takes place. 
These trends change when the substituent is a methyl (silyl) 
group, with a significant decrease of its intrinsic acidity 
with respect to the Li, BeH and  BH2 (Na, MgH and  AlH2) 
derivatives, decrease that is even larger for the  NH2 substitu-
ent, for which the minimum acidity is found, with the only 
exception of the Li derivative. Also interestingly, the effects 
are qualitatively similar for the second-row substituents, but 
quantitatively much smaller. Another slight difference is that 
now the minimum acidity is observed for the SH substituent 
rather than for the  PH2 one.

In order to understand this peculiar behavior, we have 
analyzed the electron densities of the neutral, deprotonated 
and protonated species. In Fig. 3, we show the molecular 
graphs for the set of RCCOH compounds when R is a first-
row substituent. For the second-row substituents, a simi-
lar information is provided in Figure S3 of the Supporting 
Information.

As it should be expected, the nature of the substituent 
has a visible effect in the electron distribution of the sys-
tem and therefore in the relative strength of the bonds. The 
values in Fig. 3 show that the CC bond becomes systemati-
cally stronger from Li to  CH3, the effects being even slightly 
stronger when looking at the C-O bonds, what should have 
a direct effect on the acidity of the OH group. Indeed, when 
the electron density of the CO bond is plotted as a function 
of the nature of R (see Fig. 2b), it is found that its evolution 
is completely compatible with the variation observed for the 
intrinsic acidity showed in Fig. 2a. The correlations are simi-
lar when looking at the electron densities of the CO bond in 
the corresponding deprotonated species as shown in Figure 
S4 of the Supporting Information. For Li, BeH and  BH2, 
there is an increase in the strength of the C-O bond leading 
to a consistent acidity increase of the system. Also, the sig-
nificant decrease of the strength of the CO bond predicted 
when the substituent is a methyl group is again reflected in 
a substantial decrease in the acidity of the system. The same 
consistency between the variation of the intrinsic acidities 
and the electron densities at the CO BCP is also observed 
when the substituents are second-row when Fig. 2a and b 
is compared, but the changes in the electron densities are 
attenuated with respect to those observed for the first-row 
substituent in a similar way as the corresponding intrinsic 
acidities.

The consequence is that the intrinsic acidity of the silyl 
derivative is almost 100 kJ·mol−1 larger than that of the 
methyl one (see Table 1 and Fig. 2a). This very different 
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Fig. 2  Evolution of the gas-phase acidities a for RC≡COH deriva-
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behavior directly reflects the large dissimilarities observed 
in the bonding perturbation that the deprotonation induces 
in both derivatives. These differences are evident when 
looking at the corresponding NBO analysis and the ELF 
plots (see Fig. 4). The NBO calculations show that for the 
methyl derivative, the deprotonation of the OH bond implies 

a significant electron density shift from the new lone pair 
at the O atom toward the CC antibonding orbital. Accord-
ingly, the ELF analysis shows that CC disynaptic basin 
corresponds now to a double rather than to a triple bond, 
what is associated with the corresponding bending of the 
C–C–C group and the formation of a carbenoid basin with a 
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population of 1.5 e. The breaking of one of the C–C bond-
ing interactions also results, according to the NBO analy-
sis, in an electron density shift to the CO bonding region, 
so that the electron population at the C–O disynaptic basin 
increases from 1.54 to 1.96 e (see Fig. 4) and the C–O bond 
becomes 0.12 Å shorter. In the case of the silyl derivative, 
the deprotonation results in a significant charge delocali-
zation along the Si–C–C–O arrangement with a significant 
reinforcement of both the C–O and the C–Si linkages, yield-
ing a ketene-like electronic arrangement which maintains 
the linearity of the SiCCO skeleton, and is responsible of 
the enhanced stability of the silyl deprotonated form with 
respect to the methyl deprotonated one.

The direct relationship between the acidity changes and 
the strength of the CO bond of the compounds investigated, 
is ratified when the changes in the intrinsic acidities as a 
function of the nature of the substituents are plotted versus 
the dissociation energies of the CO bond of the deprotonated 
species evaluated at the G4 level, as shown in Fig. 5.

As it could not be otherwise, the behavior observed for 
basicities is the opposite of that just described above for 
acidities. Hence, as shown in Fig. 6, on going from Li to 
BeH and  BH2 (or from Na to MgH and  AlH2), a significant 
decrease in the basicity of the system is observed, whereas 
a significant increase is observed for the methyl substitu-
ent, with a maximum basicity when the substituent is  NH2. 
These increases are again much smaller when dealing with 
the second-row substituents.

These trends actually reflect the changes in the strength 
of the new O–H bond formed upon protonation of the OH 
group. As it is shown in Figs. 3 and S5, on going from Li 
(Na) to BeH and  BH2 (MgH,  AlH2), the protonation of the 
OH group of the base leads to a decrease of the electron den-
sity at the corresponding OH BCPs. However, the replace-
ment of the  BH2 group by a methyl substituent leads to an 
increase of this density, which reaches its maximum for the 
 NH2 (SH) substituent. The main consequence is again the 
big difference in the basicity of these compounds when one 

Fig. 5  RC≡COH compounds. 
Linear correlation between the 
acidities increases (ΔHacid) 
when a first-row substituent 
(Li, BeH,  BH2,  CH3,  NH2, 
OH and F) is replaced by the 
analogous of the second row 
(Na, MgH,  AlH2,  SiH3,  PH2, 
SH and Cl) and the increase in 
the dissociation enthalpy of the 
C-O (ΔHCO) bond of the anion 
formed upon deprotonation of 
the system (ΔHacid = 0.7811 
ΔHCO + 3.587, r2 = 0.961)

Fig. 6  Evolution of the gas-
phase basicities for RC≡COH 
derivatives as a function of 
the nature of the substituent. 
R (1 = Li, Na; 2 = BeH, MgH; 
3 =  BH2,  AlH2; 4 =  CH3,  SiH3; 
5 =  NH2,  PH2; 6 = OH, SH and 
7 = F, Cl)
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compares the effect of a first-row substituent, for instance 
R =  NH2, to the effect of the second-row counterpart, 
R =  PH2, the basicity of the latter being 66 kJ·mol−1 smaller 
than that of the former. Again, this different behavior can be 
easily explained in terms of the NBO and ELF of these struc-
tures. As illustrated in Fig. 7, while no significant changes 
are observed in the population of the bonds of the phosphine 
derivative upon protonation reflecting the softer character of 
the  PH2, both the NBO and ELF analyses show that the elec-
tronegativity enhancement by the OH group of the amine 
derivative upon protonation, strongly polarizes the electron 
density toward this center. Since the amino group is much 
less polarizable than the phosphine group, this polarization 
results in a depopulation the CC bonding (from 6.12 to 4.15 
 e−), which is consistent with the NBO analysis that shows 
that in the protonated species, the C≡C bond is changed 
into a C = C double bond. The high electronegativity of the 
amino group is also behind the substantial increase of the 
population at the C-N disynaptic basin, which is again con-
sistent with the NBO analysis that indicates that the single 
C-N bond of the neutral is now a C = N double bond in the 
protonated species, whereas a carbene is formed at the car-
bon atom bonded to the oxygen atom.

5  Concluding remarks

Our G4 calculations show that the acidity and the basic-
ity of R–C≡COH and R–C≡CSH compounds follow very 
similar trends provided that the R substituents are the same, 
all are either the first-row or second-row substituents. We 
have also found that the gap between the acidities of the OH 
and SH derivatives is very small, 2% in average, whereas 
the basicities of the thio derivatives are found to be around 
12% higher, in average, than those of the hydroxyl coun-
terparts. This finding is in clear contrast with the experi-
mental behavior of the  CH3–CH2–OH and  CH3–CH2–SH 

saturated analogs, for which the gap between their acidities 
is rather large, whereas it is very small between their basici-
ties. An exploration of the behavior of these compounds 
with the nature of the CC bond shows that the basicity gap 
increases systematically as the unsaturation of the CC bond 
increases; whereas, as expected for the acidity, the trend is 
the opposite. The most surprising finding, however, is the 
significant differences observed between the values of these 
two properties, acidity and basicity, when the first-row sub-
stituents of R–C≡CX (X = OH, SH) compounds are replaced 
by the corresponding second-row ones. The changes found 
for the acidity and basicity upon changing the nature of R, 
reflect significant electron density redistributions leading 
to changes in the strength of the CC and the CX (X = OH, 
SH), in particular, for substituents whose heavy atom is at 
the right end of the corresponding period (C, N, O, Si, P 
and S); these effects being much stronger for the first-row 
substituents than for the second-row substituents, which are 
more polarizable.
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