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Abstract
The absolute vapor pressures of three amino-alcohols were measured using the transpiration method. The consistent set of 
standard molar enthalpies of vaporization for eighteen amino-alcohols was evaluated using empirical and structure–property 
correlations. The averaged values of vaporization enthalpies were recommended as reliable benchmark properties for the 
heat management of  CO2 capture technologies. Centerpiece approach based on the group-additivity principles was developed 
toward amino-alcohols.
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Introduction

The group-additivity (GA) approach offers an excellent 
way of assessing the thermodynamic properties of mol-
ecules whose properties have not been measured. One of 
the most popular GA approaches was developed by Syd-
ney W. Benson [1]. A group is defined by Benson as “a 
polyvalent atom (ligancy ≥ 2) in a molecule together with 
all of its ligands.” The sum of the groups that constitute a 
molecule of interest provides a quick appraisal of a ther-
modynamic property. The GA works well for the gas-phase 
standard molar enthalpies of formation ΔfH

o
m

(g, 298.15 K). 
The GA performance for the liquid-phase enthalpies of 
formation, ΔfH

o
m

(liq, 298.15 K), is less successful because 
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the intermolecular interactions between the molecules are 
randomly distributed among the groups. This fact aggra-
vates the accuracy of the prediction considerably. In con-
trast, the standard molar enthalpies of vaporization, ΔfH

o
m

(298.15 K), obey sufficiently well to the additivity rules. 
An important step in this direction was made by Ducros 
and co-workers [2] who showed that group additivity can be 
used to estimate the ΔfH

o
m

(298.15 K)-values of organic and 
organometallic compounds with good precision. In his later 
work [3], Sydney W. Benson also expanded the GA method 
for calculating enthalpy of vaporization. We endorsed and 
followed Benson's approach and re-evaluated the group 
contributions using the updated ΔfH

o
m

(g, 298.15 K), ΔfH
o
m

(liq, 298.15 K), and ΔfH
o
m

(298.15 K) data [4]. The crucial 
advantage of the Benson’s method is that the energetics of a 
molecule of interest can be collected from scratch. However, 
many interactions between nearest and non-nearest neighbor 
groups, between substituents, and between fragments of the 
molecule are not taken into account by this procedure [5]. In 
the original Benson’s scheme, such interactions are included 
as a list of individual “non-additive” contributions. However, 
the variety of possible structures of organic compounds is 
countless, so that the list of individual “non-additive” con-
tributions can be endless.

In our most recent work [6, 7], we develop a “center-
piece” approach that is closely related to the conventional 
group-contribution methods [3, 4]. In the latter methods, 
the molecule of interest is collected completely from well-
defined group contributions. In contrast, the idea of this 
“centerpiece” approach is to select a “core” molecule that 
may possibly close to mimic the structure of the molecule 
of interest, but the selected “centerpiece” molecule has the 
well-established thermodynamic properties. Different sub-
stituents can be attached (or subtracted) to this “centerpiece” 
in different positions. The visualization of the “centerpiece” 
approach is given in Fig. 1.

For the prediction, e.g., the enthalpy of vaporization of 
2-(phenyl-amino)-ethanol, a similarly shaped 2-(methyl-
amino)-ethanol, can be seen as a well-suited “centerpiece.” 
Indeed, the latter molecule already bears the energetic con-
tribution due to the inherent intra-molecular hydrogen bond 
(intra-HB), which is the most significant feature of amino-
ethanols. Such a contribution is unique to the “centerpiece” 

molecule and cannot be captured by any other method. This 
special feature of the “centerpiece” approach increases the 
reliability of the property prediction for the similarly shaped 
molecules significantly. The experimental vaporization 
enthalpy of 2-(methyl-amino)-ethanol is well established in 
the literature [8, 9]. Using this value as the “centerpiece,” we 
can therefore exchange the methyl-group  CH3 with the phe-
nyl-group  C6H5 and estimate the desired Δg

l
Ho

m
(298.15 K)-

value for of 2-(phenyl-amino)-ethanol. It should be noted 
that the conventional GA method to such predictions will 
not work because intra-HB is not parameterized at all. To 
validate the “centerpiece” approach to amino-alcohols, we 
examined the series of amino-alcohols shown in Fig. 2.

The focus of this work was on vapor pressure measure-
ments and the standard molar vaporization enthalpies,Δg

l
Ho

m

(298.15 K). We used different empirical and structure–prop-
erty correlation methods for validation and evaluation of 
new and available experimental results.

We used the evaluated Δg

l
Ho

m
(298.15 K) values for amino-

alcohols listed in Fig. 2 in order to show the success and 
limitations of the “centerpiece” approach.

Experimental part

Materials

All samples of amino-alcohols with purities of 0.96–0.99 
mass fraction according to specification by manufacturer 
were of commercial origin (see Table S1). Samples were 
purified by repeated distillation at reduced pressures. Puri-
ties of samples were measured by a gas chromatograph 
equipped with FID and a HP-5 capillary column. No 

OH OH

NH NH
CH3

CH3

Fig. 1  Calculations of vaporization enthalpy, Δg

l
H

o
m

(298.15  K), of 
2-(phenyl-amino)-ethanol from 2-(methyl-amino)-ethanol using the 
“centerpiece” approach

1-(dimethylamino)-2-propanol  
[108-16-7] 
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2-(dimethylamino)-1-propanol 
[15521-18-3] 

2-(phenyl-amino)-ethanol 
[122-98-5] 

2-(benzyl-amino)-ethanol 
[104-63-2] 

Fig. 2  Branched and phenyl-substituted amino-alcohols studied in 
this work
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impurities (greater than the mass fraction 0.0004) were 
found in the compounds studied by the transpiration.

Experimental thermochemical methods

Vapor pressures of 1-(dimethylamino)-2-propanol, 2-(phe-
nyl-amino)-ethanol, and 2-(benzyl-amino)-ethanol at differ-
ent temperatures were measured by using the transpiration 
method with a self-made setup [10, 11]. Vapor pressures 
derived from the transpiration method are reliable within (1 
to 3) % [10, 11]. The standard molar enthalpies of vaporiza-
tion, Δg

l
Ho

m
 , were derived from the temperature dependence 

of vapor pressure. The error in the enthalpies of vaporization 
is assumed to be within ± (0.3 to 0.5) kJ·mol−1 [10, 11]. For 
more details on the experimental procedure, see the Sup-
porting Information.

Results and discussion

Absolute vapor pressures and thermodynamics 
of vaporization

The experimental absolute vapor pressures, pi, and tempera-
ture dependences measured with the help of the transpiration 
method for amino-alcohols were fitted with the following 
equation [10]:

where a and b are adjustable parameters, the reference pres-
sure pref = 1Pa , and R = 8.31446  J.K−1.mol−1. The Δg

l
Co
p,m

 is 
the difference of the molar heat capacities of the gas and the 
liquid phases, respectively (see Table S2). The arbitrary tem-
perature T0 applied in Eq.  (1) was chosen to be 
T0 = 298.15 K.

The primary experimental results on vapor pressures for 
the DL-2-amino-1-butanol, 1-(dimethylamino)-2-propanol, 
2-(phenyl-amino)-ethanol, and 2-(benzyl-amino)-ethanol 
from the transpiration method are summarized in Table 1.

The vapor pressures for DL-2-amino-1-butanol and 
1-(dimethylamino)-2-propanol were measured for the first 
time. The vapor pressures at different temperatures for 
2-(phenyl-amino)-ethanol are reported by Stull [47]. These 
data correspond to the significantly higher temperature 
range, and a comparison is not possible. The vapor pressure 
temperature dependence for 2-(benzyl-amino)-ethanol was 
measured by Razzouk et al. [15] using the static method. 
The comparison of the available data is given in Fig. S1. 
Our transpiration results are significantly lower compared to 
those of the static technique. It has turned out that the purity 
of the sample used by Razzouk et al. [15] was only 97.7% 

(1)R × ln(pi∕pref) = a +
b

T
+ Δ

g

l
Co
p,m

× ln

(

T

T0

)

according to gas chromatography as determined after vapor 
pressure measurements. The information of the remaining 
2.3% impurities is absent in the paper. In our experience 
with the static method, however, these impurities should be 
the decomposition product with higher volatility and could 
significantly increase the vapor pressure. Nevertheless, this 
apparent disagreement led us to look for additional data that 
would help resolve the observed contradictions. As a mat-
ter of fact, the SciFinder [16] compiles experimental boil-
ing temperatures at various pressures. The accuracy of this 
data is questionable as it comes from the distillation of a 
compound after its synthesis and not from special physico-
chemical studies. However, the numerous data on boiling 
temperatures at standard pressure, as well as at reduced pres-
sures, provide at least a reliable level of the experimental 
vapor pressures and a reliable trend of the dependence of the 
vapor pressure temperature. As can be seen in Fig. S1, the 
boiling points taken from SciFinder agree fair with our tran-
spiration results, but not with those from the static method. 
After we have resolved the contradictions observed in this 
way for 2-(benzyl-amino)-ethanol, we have systematically 
(see Table S3) collected the data available in SciFinder for 
aminoalcohols (see Fig. 2). These data were used to derive 
vaporization enthalpies of amino-alcohols (see Table 2). 
The “empirical” results derived in this way are designated 
in Table 2 as SF values.

Vapor pressure temperature dependences measured in 
this work (and those taken from the literature) were used to 
derive vaporization enthalpies according to the following 
equation:

The entropies of vaporization were also obtained from 
vapor pressures temperature dependences according to 
Eq. (3):

with po = 0.1 MPa. Values of Δg

l
Ho

m
(T) and Δg

l
So
m

(T) are 
collected in Table 1. The procedure for calculating the com-
bined uncertainties of enthalpy of vaporization has been 
described elsewhere [12, 13]. The uncertainties include 
uncertainties in vapor pressure, uncertainties due to the 
experimental conditions of transpiration, and uncertainties 
in adjustment to T = 298.15 K. The compilation of the Δg

l
Ho

m

(298.15 K) values of amino-alcohols, calculated according 
to Eq. (2), is given in Table 2.

Correlation of enthalpies of vaporization 
of amino‑alcohols with their boiling temperatures

The relation of vaporization enthalpy to boiling point is 
a well-established phenomenon, and Trouton’s rule is the 

(2)Δ
g

l
Ho

m
(T) = −b + Δ

g

l
Co
p,m

× T

(3)Δ
g

l
So
m
(T) = Δ

g

l
Ho

m
∕T + R × ln

(

pi∕p
o
)
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Table 1  Vapor pressures p, of amino-alcohols measured by transpiration, standard ( po = 0.1 MPa) molar enthalpies of vaporization and standard 
( po = 0.1 MPa) molar entropies of vaporization

T/Ka m/mgb V(N2)c /dm3 Ta/Kd Flow/dm3  h−1 p/Pae u(p)/Paf
Δ

g

l,cr
H

o
m

(T) kJ 
 mol−1

Δ
g

l,cr
S
o
m
(T) J 

 K−1mol−1

DL-2-amino-1-butanol [13054–87-0]: Δg

l
Ho

m

(298.15 K) = (65.5 ± 0.5)  kJ.mol−1

ln(p∕p
ref
) =

317.8

R
−

86891.6

RT
−

71.8

R
ln

T

298.15
 ; pref = 1 Pa

303.2 1.45 1.073 295.8 1.31 37.34 0.96 65.1 149.2
308.3 1.79 0.898 295.8 1.31 55.13 1.40 64.8 147.7
313.4 2.20 0.712 295.8 1.31 85.45 2.16 64.4 146.8
318.2 2.71 0.613 295.8 1.31 121.7 3.1 64.0 145.5
323.4 2.33 0.350 295.8 1.31 183.5 4.6 63.7 144.5
328.4 3.25 0.339 295.8 1.31 263.4 6.6 63.3 143.4
333.5 3.66 0.274 295.8 1.31 367.6 9.2 62.9 142.2
328.4 3.25 0.339 295.8 1.31 263.4 6.6 63.3 143.4
333.5 3.66 0.274 295.8 1.31 367.6 9.2 62.9 142.2
1-(Dimethyl-amino)-2-propanol [108–16-7]: Δg

l
Ho

m

(298.15 K) = (45.7 ± 0.3)  kJ.mol−1

ln(p∕p
ref
) =

287.4

R
−

67352.5

RT
−

72.7

R
ln

T

298.15
 ; pref = 1 Pa

276.2 5.73 0.396 295.7 0.91 367.1 9.2 47.3 124.6
276.3 6.28 0.432 295.7 1.00 369.1 9.3 47.3 124.5
276.3 6.23 0.422 295.7 0.97 374.1 9.4 47.3 124.6
277.7 6.28 0.389 295.7 0.93 407.0 10.2 47.2 124.1
277.7 5.43 0.335 295.7 0.91 408.0 10.2 47.2 124.1
279.2 5.33 0.292 295.7 0.97 456.2 11.4 47.1 123.8
279.3 5.53 0.305 295.7 0.91 454.1 11.4 47.1 123.6
280.7 5.58 0.273 295.7 0.91 508.1 12.7 46.9 123.4
281.9 6.93 0.305 295.7 0.91 562.7 14.1 46.9 123.2
282.3 6.18 0.268 295.7 0.97 570.3 14.3 46.8 123.0
282.3 6.03 0.267 295.7 0.91 559.6 14.0 46.8 122.8
284.1 6.68 0.251 295.7 0.91 652.9 16.3 46.7 122.6
284.7 7.30 0.267 295.7 0.92 671.7 16.8 46.7 122.3
285.2 5.23 0.187 295.7 0.93 686.6 17.2 46.6 122.1
285.2 6.58 0.236 295.7 0.91 683.2 17.1 46.6 122.0
286.3 10.43 0.340 295.7 1.00 749.1 18.8 46.5 121.9
287.2 6.18 0.190 295.7 0.91 790.9 19.8 46.5 121.6
287.7 6.63 0.198 295.7 0.92 814.6 20.4 46.4 121.5
288.2 6.03 0.175 295.7 0.91 836.9 20.9 46.4 121.3
289.1 9.18 0.249 295.7 1.00 894.9 22.4 46.3 121.1
289.1 9.43 0.257 295.7 1.00 889.8 22.3 46.3 121.1
290.1 6.38 0.160 295.7 0.91 965.0 24.1 46.3 120.9
291.2 5.93 0.140 295.7 0.93 1022.9 25.6 46.2 120.5
291.2 6.33 0.152 295.7 0.91 1008.1 25.2 46.2 120.4
294.2 5.93 0.114 295.7 0.91 1250.2 31.3 46.0 119.8
297.2 6.89 0.107 295.7 0.92 1538.7 38.5 45.7 119.3
300.2 12.69 0.163 295.7 0.93 1842.2 46.1 45.5 118.5
303.2 14.44 0.152 295.7 0.91 2233.4 55.9 45.3 117.9
306.2 12.06 0.107 295.7 0.92 2645.6 66.2 45.1 117.1
308.2 13.61 0.107 295.7 0.92 2972.9 74.3 44.9 116.6
2-(Phenyl-amino)-ethanol [122–98-5]: Δg

l
Ho

m

(298.15 K) = (82.3 ± 0.4)  kJ.mol−1
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a Saturation temperature, (u(T) = 0.1 K)
b  Mass of sample transferred and condensed at T = 243 K
c  Volume of carrier gas (u(V) = 0.005  dm3) used to transfer m (u(m) = 0.0001 g) of the sample
d  Ta is the temperature of the soap bubble meter used for the measurement of the gas flow
e Vapor pressure at temperature T, calculated from the m and the residual vapor pressure at the condensation temperature calculated by an itera-
tion procedure
f Uncertainties of absolute vapor pressures: u(pi/Pa) = 0.025 + 0.025(pi/Pa) for pressures from 5 to 3000 Pa and u(pi/Pa) = 0.005 + 0.025(pi/Pa) 
for pressures below 5 Pa. Uncertainties of enthalpies of vaporization (standard uncertainties, 0.68 level of confidence, k = 1) are calculated as 
described elsewhere [12, 13]

Table 1  (continued)

T/Ka m/mgb V(N2)c /dm3 Ta/Kd Flow/dm3  h−1 p/Pae u(p)/Paf
Δ

g

l,cr
H

o
m

(T) kJ 
 mol−1

Δ
g

l,cr
S
o
m
(T) J 

 K−1mol−1

ln(p∕p
ref
) =

342.6

R
−

107623.8

RT
−

85.0

R
ln

T

298.15
 ; pref = 1 Pa

308.1 1.34 73.79 293.8 4.31 0.32 0.01 81.4 159.2
311.1 1.88 78.96 293.8 4.31 0.42 0.02 81.2 158.2
314.1 1.36 41.85 293.8 4.31 0.58 0.02 80.9 157.5
317.2 1.38 30.36 293.8 4.31 0.81 0.03 80.7 156.9
320.1 1.43 25.05 293.8 4.31 1.02 0.03 80.4 155.7
321.1 1.50 23.11 293.8 4.31 1.16 0.03 80.3 155.7
324.1 2.05 24.62 293.8 4.31 1.48 0.04 80.1 154.7
327.2 1.91 17.37 293.8 4.31 1.96 0.05 79.8 153.8
330.2 1.91 12.92 293.8 4.31 2.63 0.07 79.6 153.3
333.1 1.50 7.968 293.8 4.31 3.35 0.09 79.3 152.5
336.2 1.51 6.173 293.8 4.31 4.37 0.11 79.1 151.7
338.2 0.82 2.871 293.8 4.31 5.07 0.15 78.9 151.0
338.2 1.84 6.481 293.8 4.52 5.06 0.15 78.9 151.0
341.2 1.77 4.747 293.8 4.52 6.66 0.19 78.6 150.5
344.4 2.29 4.810 293.8 4.31 8.49 0.24 78.4 149.6
348.5 1.41 2.082 293.8 4.31 12.02 0.33 78.0 148.8
2-(Benzyl-amino)-ethanol: Δg

l
Ho

m

(298.15 K) = (84.5 ± 0.4)  kJ.mol−1

ln(p∕p
ref
) =

360.7

R
−

112301.0

RT
−

93.3

R
ln

T

298.15
 ; pref = 1 Pa

302.2 0.98 68.47 294.0 4.47 0.23 0.01 84.1 170.5
305.1 1.15 59.23 294.0 4.36 0.31 0.01 83.8 169.5
308.1 1.64 58.81 294.0 4.50 0.45 0.02 83.6 168.9
311.1 1.04 28.56 294.0 4.36 0.59 0.02 83.3 167.6
314.0 1.09 22.31 294.0 4.36 0.79 0.02 83.0 166.7
317.1 1.93 29.33 294.0 4.50 1.06 0.03 82.7 165.7
319.0 1.06 12.90 294.0 4.50 1.33 0.04 82.5 165.4
321.0 0.77 7.682 294.0 4.47 1.63 0.05 82.4 164.9
323.1 0.76 6.323 294.0 4.36 1.95 0.05 82.2 164.2
326.1 1.15 7.195 294.0 4.36 2.58 0.07 81.9 163.3
329.1 1.37 6.541 294.0 4.36 3.39 0.09 81.6 162.4
331.1 0.94 3.655 294.0 4.47 4.16 0.11 81.4 162.0
332.1 1.30 4.724 294.0 4.36 4.46 0.12 81.3 161.6
335.1 1.05 2.907 294.0 4.36 5.83 0.17 81.0 160.8
338.2 0.97 2.035 294.0 4.36 7.71 0.22 80.8 160.1
341.2 0.91 1.526 294.0 4.36 9.65 0.27 80.5 159.0
344.4 1.08 1.381 294.0 4.36 12.62 0.34 80.2 158.2
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best evidence of this. According to our experience, the 
aminoalcohols are thermally stable compounds, which boil 
between 400 and 560 K [17–19], depending on their size 
and structure. In our previous paper [20], we have estab-
lished a linear correlations of Δg

l
Ho

m
(298.15 K)-values with 

Tb values that were found for the set containing primary 
and secondary amino-alcohols (kJ·mol−1):

The results calculated from this correlation were in 
agreement with those derived from other methods within 
of ± 1.5 kJ·mol−1. We used Eq. (4) to calculate vapori-
zation enthalpies of 1-(dimethylamino)-2-propanol, 
2-(dimethylamino)-1-propanol, 2-(phenyl-amino)-ethanol, 

(4)
Δ

g

l
Ho

m
(298.15K) = −35.3 + 0.2193 × Tb with

(

R2 = 0.966
)

and 2-(benzyl-amino)-ethanol, which are given in Table 2, 
and designated as the Tb -values.

Kovats retention indices for validation 
of experimental vaporization enthalpies

In homologous series (e.g., alcohols, alkylbenzenes, 
alkanes, etc.), the vaporization enthalpies Δg

l
Ho

m
(298.15 K) 

show a linear correlation with Kovats indices [21, 22]. 
The high-quality linear correlation was derived when the 
Δ

g

l
Ho

m
(298.15 K)-values are correlated with Jx-values for 

the structurally parent set of amino-alcohols collected in 
Table 3:

Table 2  The standard molar 
vaporization enthalpies, Δg

l
Ho

m
 , 

of substituted amino-alcohols

a Techniques: T = transpiration method; S = static method; n/a = method is not available; SF—from experi-
mental boiling temperatures reported at different pressures compiled by the SciFinder [16] (see text); Jx—
results obtained from Kovats indices (see text); Add = calculated according to the “centerpiece” approach
b Uncertainties are the standard uncertainty. They include uncertainties from the vapor pressure fitting equa-
tion and uncertainties from adjustment to the reference temperature T = 298.15 K [12, 13]
c Weighted mean value with the standard uncertainty. The recommended thermochemical calculations val-
ues are highlighted in bold. Values in brackets were not included by the averaging

Compound Ma T- range Δ
g

l
H

o
m

(Tav) Δ
g

l
H

o
m

(298.15 K)b

K kJ·mol−1 kJ·mol−1

2-(Methyl-amino)-ethanol [109–83-1] 57.7 ± 0.2 [9]
2-(Ethyl-amino)-ethanol [110–73-6] 60.8 ± 0.2 [20]
DL-2-amino-1-butanol T 303.2–333.5 64.0 ± 0.4 65.5 ± 0.5
1-(dimethylamino)-2-propanol SF 333–400 42.3 ± 0.6 47.3 ± 0.7
[108–16-7] Tb 400 44.9 ± 1.5

T 276.2–308.2 46.3 ± 0.2 45.7 ± 0.3
45.6 ± 0.2 c

2-(Dimethylamino)-1-propanol SF 341–423 45.8 ± 0.5 51.6 ± 0.7
[15521–18-3] Tb 420.5 50.3 ± 1.5

51.4 ± 0.6 c

2-(Phenyl-amino)-ethanol n/a 377.2–552.8 65.5 ± 1.5 78.8 ± 1.7 [14]
[122–98-5] SF 383–560 68.6 ± 1.4 83.6 ± 1.6

Tb 553 85.0 ± 1.5
Add 83.3 ± 1.0
Jx 83.4 ± 1.0
T 308.1–348.5 79.8 ± 0.3 82.3 ± 0.4

82.6 ± 0.3 c

2-(Benzyl-amino)-ethanol S 292.8–362.9 71.7 ± 0.6 (74.5 ± 0.7) [15]
104–63-2 SF 379–562 78.5 ± 3.6 92.4 ± 3.7

Tb (562) 87.0 ± 1.5
Add 86.2 ± 1.0
Jx 83.5 ± 1.0
T 302.2–344.4 82.2 ± 0.3 84.5 ± 0.4

84.7 ± 0.4 c
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The “theoretical” results derived from this correlation 
are given in Table 2 and designated as Jx. The vaporization 
enthalpies derived from the correlations with Kovats indices 
(see Table 3, column 5) are in a good agreement with those 
obtained by the transpiration method (see Table 2).

Such good agreement can be seen as an additional vali-
dation of the experimental data measured in this work by 
using the transpiration method (see Table 2). It can be seen 
from Table 3 that differences between experimental and cal-
culated according to Eq. (4) vaporization enthalpies are at 
the level of 1 kJ·mol−1 in the worst cases. Hence, the uncer-
tainties of enthalpies of vaporization which are estimated 
from the correlation the Δg

l
Ho

m
(298.15 K)—Jx are evaluated 

with ± 1.0 kJ·mol−1.

Evaluation of available vaporization enthalpies

As can be seen from Table 2, the vaporization enthalpies, 
Δ

g

l
Ho

m
(298.15 K), derived from vapor pressures measured by 

the conventional methods, as well as those derived from the 
SciFinder [16] data are in good agreement for amino-alco-
hols compiled in this table. Such a good agreement has rein-
forced usefulness of the experimental boiling temperatures 
reported at different pressures compiled by the SciFinder for 
evaluation of the scarce thermodynamic data.

An additional validation of the Δg

l
Ho

m
(298.15 K) values 

collected in Table 2 was conducted with the correlation 
Δ

g

l
Ho

m
(298.15 K)—Tb. The results obtained from this cor-

relation agree within the experimental uncertainties with 
values derived with other methods.

Also, the Δg

l
Ho

m
(298.15 K) values derived with the help 

of chromatographic retention indices, Jx, agree well with 
values derived for amino-alcohols with other methods. The 
“theoretical” Tb values and Jx values derived from both cor-
relations, as well as the “empirical” SF-values, are valuable 
to support the level of enthalpy of vaporization derived from 

(5)
Δ

g

l
H

o
m
(298.15 K)∕

(

kJ.mol−1
)

= 29.6 + 0.0399 × Jx with (R2 = 0.996) other methods, especially in cases where data are scarce. 
The experimental and “theoretical” vaporization enthalpies 
derived for each amino-alcohol are given in Table 2. From 
this table, it can be seen that for every compound agreement 
among Δg

l
Ho

m
(298.15 K) values, which were derived in dif-

ferent ways, all lie within the assigned error bars. To get 
more confidence and reliability, we calculated the weighted 
average (the uncertainty was used as a weighing factor) for 
of amino-alcohols given in Table 2. These values are high-
lighted in bold and are recommended for thermochemical 
calculations performed in the following section.

Prediction of vaporization enthalpies 
of amino‑alcohols with the “centerpiece” approach.

The general idea of the “centerpiece” approach is already 
shown in Fig. 1. Now we apply this idea for predicting the 
Δ

g

l
Ho

m
(298.15 K) values, which are carefully evaluated in 

Table 2.
First of all, let us complete the prediction shown in Fig. 1 

with the help of the experimental vaporization enthalpy of 
2-(methyl-amino)-ethanol Δg

l
Ho

m
(298.15 K) = 57.7 ± 0.2 kJ·

mol−1 given in Table 2. According to the idea, the vapori-
zation enthalpy of 2-(phenyl-amino)-ethanol is derived by 
cutting the  CH3 group (with its contribution to vaporization 
enthalpy of 6.33 kJ·mol−1, given in Table S4) and attach-
ing the  C6H5 group (with its contribution to vaporization 
enthalpy of 31.7 kJ·mol−1, given in Table S4) instead. The 
resulting “additive” value Δg

l
Ho

m
(298.15 K) = 83.1 ± 1.0 kJ·

mol−1 is very close to the transpiration result Δg

l
Ho

m
(298.15 

K) = 82.3 ± 0.4 kJ·mol−1 (see Table 2).
Another option for predicting the vaporization enthalpy 

of 2-(phenyl-amino)-ethanol is to start (see Fig. 3) from 
the experimental vaporization enthalpy of 2-(ethyl-
amino)-ethanol Δg

l
Ho

m
(298.15  K) = 60.8 ± 0.2  kJ·mol−1 

given in Table 2. In this case, in order to derive the desired 
value, we need to cut off the  CH3 and  CH2 groups and 
append the  C6H5 group instead. The resulting “additive” 
value Δg

l
Ho

m
(298.15 K) = 83.3 ± 1.0 kJ·mol−1 is also very 

Table 3  Correlation of Kovats 
indices (Jx) and vaporization 
enthalpies, Δg

l
Ho

m
(298.15 K), of 

amino-alcohols

a Kovats indices, Jx, on the standard non-polar column OV-1[23]
b Experimental data from Table 2
c Calculated using Eq. (5) with the assessed standard uncertainty of ± 1.0 kJ·mol−1

d Difference between columns 4 and 5 in this table
e Experimental data measured by using the transpiration method (see Table 2)

Jx a Δ
g

l
H

o
m

(298 K)exp
b Δ

g

l
H

o
m

(298 K)calc
c ∆d

CAS Compound kJ  mol−1 kJ  mol−1 kJ  mol−1

109–83-1 2-(methyl-amino)-ethanol 700 57.7 ± 0.2 [9] 57.5 0.2
110–73-6 2-(ethyl-amino)-ethanol 786 60.8 ± 0.2 [20] 61.0 – 0.2
122–98-5 2-(phenyl-amino)-ethanol 1347 82.3 ± 0.4 e 83.3 – 1.1
104–63-2 2-(benzyl-amino)-ethanol 1349 84.5 ± 0.4 e 83.4 – 1.1



8532 S. P. Verevkin et al.

1 3

close to the transpiration result value Δg

l
Ho

m
(298.15 K) = 

82.3 ± 0.4 kJ·mol−1 (see Table 2). It is even easier to pre-
dict the vaporization enthalpy of 2-(benzyl-amino)-ethanol 
starting from the same “centerpiece” 2-(ethyl-amino)-
ethanol as it is shown in Fig. 3. The resulting “additive” 
value Δg

l
Ho

m
(298.15 K) = 86.2 ± 1.0 kJ·mol−1 for 2-(benzyl-

amino)-ethanol agrees within the combined uncertainties 
with the transpiration result Δg

l
Ho

m
(298.15 K) = 84.5 ± 0.4 

kJ·mol−1 (see Table 2).
The examples of the “centerpiece” approach applica-

tion given in Figs. 1 and 3 show a generally possible way 
to obtain a reliable prediction even starting from different 
species. However, this method cannot be considered as 
universal, as the selection of the starting “centerpiece” 
requires some preliminary knowledge of effects that arise 
when substituents are placed in close proximity in the 
germinal or vicinal position on the alkane skeleton. This 
idea is demonstrated in Fig. 4. Using the “centerpiece” 

approach, the vaporization enthalpy of DL-2-amino-
1-butanol can be estimated starting from 2-amino-ethanol, 
2-amino-1-propanol and from 2-amino-1-pentanol. Exper-
imental vaporization enthalpies for these amino-alcohols 
are given in Table S5.

The four steps required to construct DL-2-amino-1-bu-
tanol from 2-amino-ethanol are shown in Fig. 4 (left). The 
resulting “additive” value Δg

l
Ho

m
(298.15 K) = 67.5 ± 1.0 k

J·mol−1 is clearly overestimated compared to the transpi-
ration result Δg

l
Ho

m
(298.15 K) = 65.5 ± 0.5 kJ·mol−1 (see 

Table 2). Maybe there are too many construction steps to 
get a correct result? Starting with 2-amino-1-propanol, the 
number of steps is considerably lower (see Fig. 4, middle). 
But even in this case the “additive” value Δg

l
Ho

m
(298.15 K) 

= 62.6 ± 1.0 kJ·mol−1 is clearly underestimated compared 
to the transpiration result Δg

l
Ho

m
(298.15 K) = 65.5 ± 0.5 kJ

·mol−1 (see Table 2). What is wrong with the centerpiece 
approach? Starting with 2-amino-1-pentanol, we also 
need only one step to construct DL-2-amino-1-butanol 
(see Fig. 4, right). We can finally get the “additive” result 
Δ

g

l
Ho

m
(298.15 K) = 64.6 ± 1.0 kJ·mol−1 comparable to the 

experiment. What can be the reason for the trial and error 
observed in all three cases?

At first glance, none of the three starting molecules, 
namely 2-amino-ethanol, 2-amino-1-propanol, and 
2-amino-1-pentanol, are very different. But it is not cor-
rect. It is known that the energetics of aminoalcohols and 
1,2-alkanediols are determined by the intra-molecular 
hydrogen bonding [24, 25]. Let us first consider 1,2-alkan-
ediols, for which a plausible explanation was given in our 
previous work [25]. With the 1,2-alkanediols, an unusual 
sequence of the Δg

l
Ho

m
(298.15 K)-values was observed with 

an increasing chain length (in kJ·mol−1): 1,2-ethanediol 
(66.0 ± 0.2), 1,2-propanediol (64.5 ± 0.2), 1,2-butanediol 
(70.4 ± 0.3), 1,2-pentanediol (74.6 ± 0.3), and 1,2-hexane-
diol (78.7 ± 0.3) [25]. Such behavior of 1,2-alkanediols can 
be explained by a strong intra-HB, which obviously domi-
nates in the liquid state. In the case of 1,2-propanediol, 

OH

NH
(CH3)

OH

NH

OH

NH

(CH3)

(CH2)

60.8 ± 0.2 exp

83.3 ± 1.0 add 86.2 ± 1.0 add

82.3 ± 0.3 exp 84.5 ± 0.4 exp

Fig. 3  Calculations of vaporization enthalpies of of 2-(phenyl-
amino)-ethanol and of 2-(benzyl-amino)-ethanol using the “center-
piece” approach

Fig. 4  Calculations of vaporiza-
tion enthalpy of DL-2-amino-
1-butanol using the “center-
piece” approach

OH

OH OH

OHOH

(CH2)(N)

(CH2)(C)

(CH3)

(CH2) (CH2)(CH)(N)

59.6 ± 0.3 exp 

59.7 ± 0.6 exp 69.1 ± 0.7 exp 

55.5 ± 0.5 exp 67.5 ± 1.0 add

62.6 ± 1.0 add 64.6 ± 1.0 add

65.5 ± 0.5 exp

NH2

NH2 NH2

NH2
NH2
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the addition of an external methyl group leads to a steric 
hindrance to the formation of an intra-HB. Because of this 
steric hindrance, the enthalpy of vaporization of 1,2-pro-
panediol is reduced compared to 1,2-ethanediol. However, 
an attachment of the next alkyl fragments to the 1,2-ethan-
ediol unit does not have the same effect as with the first 
substitution, since the added fragments are further away 
from the hydroxyl groups, which form the intra-HB. With 
increasing chain length in 1,2-butanediol and 1,2-pentan-
ediol, the substitution effect on the intra-HB is already 
compensated and the Δg

l
Ho

m
(298.15 K) values become lin-

early dependent on the chain length (see Fig. 5).
As can be seen in Fig. 5, the trend similar to that of 

1,2-alkanediols applies to aminoalcohols: the strong-
est intra-HB is in 2-amino-ethanol. However, already in 
2-amino-1-propanol, the  CH3 group, which is located 
in the close proximity of the amino-group, reduces the 
strength of the intra-HB for steric reasons. Similar to 
1,2-alkanediols, an attachment of the next alkyl fragments 
to 2-amino-ethanol does not have the same effect as with 
the first substitution. As a consequence, the vaporization 
enthalpies of 2-amino-ethanol and 2-amino-1-propanol 
are out of the linear correlation shown in Fig. 5. The lin-
earity of the chain-length dependence of the enthalpy 
of vaporization begins with 2-amino-1-butanol. Such a 
peculiar energetic behavior that has been observed in ami-
noalcohols can now explain the trial and error observed 
with three “centerpieces” shown in Fig. 4. Indeed, using 

2-amino-ethanol and 2-amino-1-propanol to predict the 
enthalpy of vaporization of 2-amino-1-butanol could be 
considered as a typical “error,” as both molecules have 
much more individual characteristics than is applicable for 
group additivity. In contrast, using the 2-amino-1-pentanol 
as the “centerpieces” is optimal for the prediction, since 
according to Fig. 5, this molecule is already out of pertur-
bation specific for the smaller homologues.

Another important factor for the selection of the “cen-
terpiece” molecule is illustrated in Fig. 6. Let us try to 
predict vaporization enthalpies of two branched amino-
alcohols: enthalpies of 2-(dimethyl-amino)-1-propanol and 
1-(dimethyl-amino)-2-propanol starting from Δg

l
Ho

m
(298.

15 K) = 47.1 ± 0.1 kJ·mol−1 [26] of 2-(dimethyl-amino)-
ethanol as the “centerpiece” molecule. In both cases, we 
just need to replace the  CH2 group with the CH group and 
add the contribution for the  CH3 group as it is shown in 
Fig. 6. In both cases, however, the “additive” results do not 
agree with the experimental values evaluated in Table 2.

The obvious reason for the observed disagreement is the 
appearance of steric repulsions between substituents, since 
they occur in close proximity on the small skeleton. Due 
to these repulsions, the tightness of the packaging of the 
molecules in the liquid is unique for each type of branch-
ing. Therefore, the correct selection of the “centerpiece” 
molecule is hardly possible.

The consequence for proper use of the “centerpiece” 
approach is that the small branched molecules and mol-
ecules with strong steric interactions (e.g., 2-amino-
2-methyl-1-propanol) must be excluded from application. 
Nonetheless, we are systematically testing the “centerpiece” 
approach with different types of organic and metal–organic 
compounds. The reliable results have been already obtained 
for aldehydes and esters [27], for substituted benzenes [6, 
7], and for tris(beta-diketonato)iron complexes [28]

In summary, the compilation of experimental results 
evaluated in Table 2 made it possible to validate three 
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Fig. 5  Chain-length dependence of vaporization enthalpies Δg

l
H

o
m

(298.15  K)/kJ·mol−1 in 1,2-alkanediols and in 2-amino-1-alkanols. 
NC—is the total number of C-atoms in the molecule

(CH2)

47.1 ± 0.1 exp

43.7 ± 1.0 add

45.6 ± 0.2 exp 51.4 ± 0.6 exp

42.2 ± 1.0 add

(CH)

OH OHN N

(CH2)
OH

(CH)

Fig. 6  Calculations of vaporization enthalpies of 2-(dimethyl-amino)-
1-propanol and 1-(dimethyl-amino)-2-propanol using the “center-
piece” approach
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different approaches (SF, Tb, and “centerpiece”) in order 
to reliably assess the Δg

l
Ho

m
(298.15 K) values for organic 

and metal–organic compounds.
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