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S1 Experimental details and validation

Three identical experiments of the EtOH-DMA complex were performed (Figures 3, S1 and
S2), in which the initial pressures of EtOH and DMA were within 1 Torr of each other (13.4
Torr EtOH + 18.7 Torr DMA, 14.0 Torr EtOH + 19.4 Torr DMA, and 13.6 Torr EtOH +
19.5 Torr DMA referred to as experiment 1, 2, and 3, respectively). Two experiments of the
MeOH-DMA complex were performed (Figure 3 and S3), which are referred to as experiment
4 and 5. In each experiment, nine measurements at different temperatures were performed,
each recored with 500 scans. The temperature and the pressure were noted at every 50
scan. An average of the 10 noted pressures and temperatures was used as the pressure and
temperature for that measurement. Experimental details for experiments 1 - 5 are given in

Tables S1 - S5. Examples of the integrated absorbance for each complex are given in Figure

S4.
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Figure S1: The OH-stretching vibration in the EtOH-DMA complex, recorded at different
temperatures, experiment 2, Table S2.
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Figure S2: The OH-stretching vibration in the EtOH-DMA complex, recorded at different
temperatures, experiment 3, Table S3.
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Figure S3: The OH-stretching vibration in the MeOH-DMA complex, recorded at different
temperatures, experiment 2. The temperatures given are the average temperatures.

Table S1: Experimental data for experiment 1. The average temperatures (K), EtOH and
DMA average pressures (Torr) in the experiments, the integrated absorbance (cm™') of
the observed OH-stretching band and the OH-stretching frequency (Zmay, in cm™1) at the
maximum absorbance (Apay)-

Mix. ks PEtOH PDMA Int. Abs ﬂmax Amax

301 134 187 25.6 3374 0.203
305 14.0 198 20.1 3375 0.161
314 16.0 21.1 17.1 3376 0.127
324 17.1 22.2 12.8 3377 0.098
334 181 232 10.2 3378 0.076
344 192 240 7.76 3379 0.059
354 20.1 247 6.09 3380 0.046
364 210 254 4.47 3381 0.035
374 220  26.0 2.81 3384 0.024
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a: An average of the 10 noted temperatures during
a measurement of 500 scans, vide supra.
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Table S2: Experimental data for experiment 2, where the measurements were started after
the temperature had equilibriated. The average temperatures (K), EtOH and DMA aver-
age pressures (Torr) in the experiments, the integrated absorbance (cm™!) of the observed
OH-stretching band and the OH-stretching frequency (Zpay, in cm™!) at the maximum ab-

sorbance (Apmax)-

Mix. T PEtOH PDMA Int. Abs

Vmax

Amax

303
305
314
324
334
344
354
364
374
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14.0
13.5
15.0
16.2
17.0
17.9
18.5
19.8
20.7

19.4
19.9
21.1
22.0
22.9
23.6
24.3
25.1
25.7

23.4
19.5
16.0
12.7
9.40
7.01
5.78
4.58
3.49

3374
3375
3376
3377
3378
3379
3380
3381
3384

0.204
0.167
0.132
0.103
0.081
0.059
0.046
0.037
0.027

Table S3: Experimental data for experiment 3, where the measurements were started after
the temperature had equilibriated. The average temperatures (K), EtOH and DMA aver-
age pressures (Torr) in the experiments, the integrated absorbance (cm™!) of the observed
OH-stretching band and the OH-stretching frequency (Zpay, in cm™!) at the maximum ab-

sorbance (Apax)-

Mix. T  Pgion Ppvma Int. Abs Upax  Amax
A 303  13.6 19.5 23.5 3374 0.201
B 305 135 19.6 19.5 3375 0.176
C 314 148 208 15.6 3376 0.137
D 324 157  21.7 12.1 3377 0.106
E 334  16.5 224 9.93 3378 0.081
F 344 173 235 7.55 3379 0.062
G 354 181  24.1 5.57 3380 0.046
H 364 19.1 247 4.53 3381 0.036
I 374 199 249 3.22 3384 0.028
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Table S4: Experimental data for experiment 4. The average temperatures (K), MeOH and
DMA average pressures (Torr) in the experiments, the integrated absorbance (cm™') of
the observed OH-stretching band and the OH-stretching frequency (Zmay, in cm™!) at the
maximum absorbance (Apay)-

Mix. T PMeOH PDMA Int. Abs ﬂmax Amax

301 15.6 20.3 29.9 3386 0.280
305 14.8 20.1 23.7 3387 0.214
314 155 21.0 18.1 3388 0.164
324  16.1 21.8 14.3 3389 0.127
334  16.6 22.5 10.8 3390 0.096
344 17.0 23.5 8.41 3391 0.076
354 179 24.0 6.73 3392 0.059
364 18.6 24.7 5.01 3393 0.045
374 189 25.5 2.90 3394 0.030
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Table S5: Experimental data for experiment 5. The average temperatures (K), MeOH and
DMA average pressures (Torr) in the experiments, the integrated absorbance (cm™') of
the observed OH-stretching band and the OH-stretching frequency (Zpmay, in cm™') at the
maximum absorbance (Apay)-

Mix. T PMeOH PDMA Int. AbS ﬂmax Amax

299  19.1 27.0 66.5 3386  0.595
305  20.6 26.4 20.1 3387 0.449
314 215 27.2 40.2 3388 0.355
324 223 28.3 31.3 3389 0.277
334 232 29.6 25.5 3390 0.219
344 240 30.6 19.1 3391 0.167
354 251 31.8 15.2 3392 0.128
364 259 32.8 11.8 3393  0.102
374 26.9 33.9 8.19 3394 0.072
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Figure S4: The integrated absorbance of the OH-stretching band obtained with integration
boundaries of 3100 - 3640 cm™" for the EtOH-DMA (a) and MeOH-DMA (b) complexes.

S1.1 Uncertainties
S1.1.1 Equilibrium constant

Kp is determined by plotting Pag as a function of PPy, equation 5. Pap corresponds to
P in the manuscript. The uncertainty of Kp mainly stems from the uncertainties of Pagp,
which arise from uncertainties in the temperature (T), the integrated absorbance ( [ A(7) div)
and the calculated oscillator strength (f...), equation 6. In Table S6, we summarise the

uncertainties of these parameters. A total error of 17 % is obtained for Pyp.

Table S6: The uncertainty (in %) of the temperature (7), the integrated absorbance
(J A(D)dp), the calculated oscillator strength (fea.) and the monomer pressures (Py and
Py

).

T fA(ﬂ) dv fcalca PA and PB AMax
2 ) 10 10 5)

a: LMPT calculated f of the OH-
stretching vibration.

Error bars are included in the plot of Pyg against P, Pg. A straight line is fitted to the data
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points using the linear least squares fit, where the error bars have been weighted. This is

done with the OriginPro 2015 software using the instrumental weighting.

S1.1.2 Enthalpy

AH is determined by plotting InKp versus T—!. Kp is obtained from equation S4, and the
uncertainty of AH stems from uncertainty in the temperature (7), the integrated absorbance
(J A(P) dv) and the monomer pressures (Py and Pg), which are summarised in Table S6. A
total error of 27 % is obtained for T, [ A(7)dv, Pa and Pg. Error bars are included in the

plot of InKp against 7.

S1.2 Temperature and pressure fluctuations

To test the pressure and temperature variation during a measurement, the temperature and
the pressure were noted at every 50 scan. An average of the 10 noted pressures and tem-
peratures was used to determine the given pressure and temperature for each measurement.
In Figure S5, the temperature and pressure variation during a measurement of 500 scans is
shown. Nine measurements of an EtOH + DMA mixture in the room temperature (RT) -
373 K temperature range are shown. The cell temperature and pressure were read every 50
scans (every ~20 seconds) for each of the nine measurements.

The temperature controller was set to a certain temperature (T ); however, the actual
cell temperature would initially reach a temperature 4 - 7 K higher than T, and thereafter
cool to 1 - 2 K lower than T, only to rise again to 4 - 7 K higher than T, and so on.
Once the cell temperature had increased to its maximum value and subsequently fallen to
its minimum value, one temperature cycle was completed. We refer to the temperature
as equilibrated after one cycle. When T, was 303 K, it took approximately 20 minutes
for the temperature to drop from its maximum to minimum value, whereas it took only
approximately 2 minutes when T, was 373 K. A single measurement with 500 scans and a 1

cm ™! resolution took 3.5 minutes and thus at small T, values, the temperature was almost
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constant in the course of a measurement, Figure Sba. At high T} values, the cell temperature
dropped and subsequently rose ~6 K in the course of a measurement. As a test, we recorded
spectra at Ty, = 303 K before and after the temperature had equilibrated. The spectra were
similar and the average temperatures in the experiment before and after equilibration were
309 K and 305 K, respectively. Hence, the starting time of a measurement has little effect on
the resulting spectra, average temperatures, measured pressures (max variation of 0.7 Torr)
and determined equilibrium constants.

In Figure S5b, the pressure fluctuations in the cell are shown. The pressure is almost
constant throughout the measurements, with a variation of 1 Torr in the course of a mea-
surement. This trend is observed for all measurements, except the room temperature (brown
stars) measurement. Here, the pressure continuously drops, probably due to condensation
of EtOH onto the cell walls. Consequently, the pressure measured at 303 K (purple dots) is

lower than the initial pressure at room temperature.
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Figure S5: Measurement of an EtOH + DMA mixture at different temperatures. The
corresponding average temperatures and EtOH and DMA pressures are given in Table S3.
The T, value is the temperature set on the temperature controller, and RT refers to the
room temperature measurements before the heating jacket has been turned on. The actual
measured temperatures are given Table S3. The temperature (a) and pressure (b) variations
in the cell in during a measurement.

S1.3 Determination of pressures with the ideal gas law

We measure the pressure in the cell during all experiments in the room temperature (299 -

303 K) to 373 K range. We can estimate the pressures at elevated temperatures from the

pressure measured at room temperature and the ideal gas law:
P RTV . nRTRT TX

@PXZPRT

= 1
PXV nRTX TRT’ (S )

where P, is the pressure at elevated temperatures, Prr is the pressure measured at room
temperature, Tt is the room temperature and T, is the measured elevated temperature.
Pgrr is the initial pressure measured (0 - 50 scans, Figures S5b), as we assume the alcohol

that condensates on the cell wall will re-evaporate at elevated temperatures. If we compare
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the calculated ideal gas law pressure with the pressure measured in the experiment, we
obtain an indication of the accuracy of the calculated ideal gas law pressure. In Figure S6,
we compare the measured and calculated pressures of EtOH and DMA in a measurement
of an EtOH + DMA mixture. The measured EtOH and DMA pressures are obtained from
spectral subtraction,’” where the individual scaled monomer spectra are subtracted from
the EtOH + DMA mixture. The experimental details are summarised in Table S1. Eight
measurements were performed at different temperatures (B - I), where B and I are T, = 303
K and 373 K temperature measurements, respectively. The room temperature measurement
(A) is not included in the figure, as the ideal gas law was not used to calculate the pressures
at this temperature.

At all temperatures, the pressure calculated with the ideal gas law is lower than the
measured pressure (3 - 32 %). As the temperature increases (B — I), the discrepancy between
the calculated and measured pressures increases. We also find that the calculated EtOH
pressure is underestimated more than the calculated DMA pressure. At Ty, = 373 K the
EtOH and DMA ideal gas law pressures are underestimated by 32 % and 12 %, respectively.
Sample condensation was observed in the room temperature measurements, Figure Sbb,
which we assume re-evaporates from the cell wall at elevated temperatures. In the calculated
ideal gas law pressures, the re-evaporation is not taken into account, and the pressures
calculated at the elevated temperatures are underestimated. EtOH condensates more than
DMA, which explains why the calculated EtOH pressure is underestimated more than the
DMA pressure. In equation S1, we assume that the number of molecules is constant as the
temperature is changed. However, as the temperature increases the number of molecules
increases, as the hydrogen bound complex is broken (AB — A + B). This effect causes an
overestimation of the calculated ideal gas law pressure. We expect the changes in the number
of molecules to be small in the 300 - 373 K range, and the deviation observed between the

measured and calculated pressures is believed to arise from sample condensation.
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Figure S6: EtOH and DMA pressures in an EtOH + DMA mixture. The measured pressure
and the calculated ideal gas law pressure are compared. Eight temperature experiments
were performed, referred to as B - I, where B and I are the 303 K and 373 K temperature
measurements, respectively. The room temperature experiment is not included in the figure,
as it is not calculated with the ideal gas law. The experimental data corresponds to that
given in Table S1.

In Figures S7 and S8, similar pressure plots are shown for the additional EtOH-DMA mea-
surements and the MeOH-DMA measurements, respectively. In the EtOH-DMA experi-
ments, similar trends are observed between the measured and ideal gas law pressures. Com-
pared to the measured pressure, the EtOH and DMA ideal gas law pressures in the 313 - 373
K range are underestimated by 3 - 20 % and 3 - 7 %, respectively. However, in experiment
B (303 K) the EtOH and DMA pressures predicted by the ideal gas law are slightly larger

than the measured values, 1 - 5 %.
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Figure S7: Comparison the measured pressure and the calculated ideal gas law pressure as
in Figure S6. Part a and b of the figure corresponds to experiments 2 and 3, respectively,
see Tables S2 and S3.

For the high pressure experiment of the MeOH-DMA complex, Figure S8b, good agreement
is found between the calculated and measured DMA pressure, with a difference of only 1 -
4 %. Compared to the measured pressure, the MeOH ideal gas law pressures in the 313 -
373 K range are underestimated by 5 - 12 %, which is similar to the difference found for
the EtOH pressure. In the other MeOH-DMA measurement, Figure S8a, small differences
are found between the calculated and measured MeOH and DMA pressures. The ideal gas
law MeOH pressure is overestimated by 1 - 6 % compared to the measured pressure in
the 313 - 373 K range. The good agreement between the calculated and measured MeOH
pressure is probably due to the low MeOH pressure used, which causes less condensation.
The difference between the measured and calculated DMA pressures is smaller than 2 %.
However, in general the ideal gas law estimates pressures that are 1 - 32 % from the actual
measured pressures, and we recommend that the sample cell should always be equipped with

a pressure gauge.
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Figure S8: Comparison the measured pressure and the calculated ideal gas law pressure are
compared as in Figure S6. Part a and b of the figure correspond to experiments 1 and 2,
respectively, see Tables S4 and S5.
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S2 Equations

The equlibrium constant, Kp, of the complex formation is given by:

Pag/P*
Kp = . 2
P Py/P°Py/P° (52)
If we insert the expression:
T | A(p)dv
Pap = 2.6935 x 10"?[K~" Torr m cm]%, (S3)
calc
used to determine the pressure of the complex, we can write Kp as:
e T [ A(p)dv/P®
Kp = 2. 107K~ T S4
P 6935 x 1077 orr m cm)| T [ Py/ Do Py P (S4)
T [ A(D) dv
_ px LAy (S5)
Py/P*°Pg/P*

where the F' = 2.6935 x 1079[K~! Torr m c¢m]/(P? feal). If we take the natural logarithm

we obtain:

T [ A(p)dv >

m(Kp) = In(F
0(Krp) = In(F Py /PPy P°

= () (). (56)

We can equate this expression for In(Kp) with the expression in equation 3 and get:

1n< T [ A(D)dv ) _ AH1 AS (F) (S7)

e
Py /P Ps/ P> RT R ™
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If we assume that the bandshape does not change with temperature, we can replace the
integrated absorbance with the maximum absorbance times a constant (Am.x = [ A(D) dv x
Y). Thus a plot of ln(%) versus T—' would also give a straight line with —AH/R as the

slope.
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S3 Optimised structures
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Figure S9: CCSD(T)-F12a/VDZ-F12 optimised structures of the higher energy EtOH-DMA
and MeOH-DMA conformers, with binding energies of -33.9 kJ/mol and -33.4 kJ/mol, re-
spectively. The MeOH-DMA conformer has a small imaginary frequency of 9i cm™!; however
this structure was used in a previous study of the MeOH-DMA complex.*

?

Figure S10: Illustration of the bound OH-stretching vibration and the free NH¢-stretching
vibration in the MeOH-DMA complex.
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S4 Calculated oscillator strengths

Oscillator strengths were calculated with a modified version of the LMPT model, which
was developed to describe the donor vibrations of hydrated complexes with water as the
donor unit.®* The LMPT model is based on a three dimensional (3D) LM model'? for the
donor water unit and each of the six intermolecular modes is included as a one dimensional
(1D) oscillator. The effect of the intermolecular modes on the donor vibrational modes
is included by Rayleigh-Schrodinger perturbation theory, where each intermolecular mode
couples to each of the donor vibrational modes through the potential energy surface. Kinetic
energy couplings are expected to be negligible.? Perturbative corrections are obtained up to
the fourth order in the energy and first order in the wavefunctions.®?*

In its modified version, the LMPT model is based on a two dimensional (2D) LM model
of the OH-stretching oscillator and the COH-bending mode. The displacement coordinates

of the two modes are g, and 6, respectively. The Hamiltonian operator for this 2D system

is:

. h? 0 0
Hyp = —— Z 8—gij— + V(qb) + V(@) + V(Qba ‘9) (88>
¢ 0g;

The g-matrix elements, g;;, are given by:

1 1
= — 4+ — S9
Yavan Mo + o (59)
1 1 1 1 1 1 Cos
9o = (— + ) 5— + (— + —) 5— — 2 Pcon (S10)
Mo MDonor — MO — Mu /) THe mo  Mmu/ Tog morocToH
sin 6
_ - _ S11
90 9oqs, MoToo ) ( )
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where mo, my and Mpener are the masses of the O atom, H atom and donor unit, respectively,
and rog and roc are the OH bond length and OC bond length, respectively, and ¢con is
the COH angle. The 1D potentials, V(q,) and V(#), are represented by spline fits. The
points needed to generate the spline fit for the OH-stretch were obtained by displacing the
OH bond by -0.40 A to +0.70 A in steps of 0.05 A from the equilibrium structure. For the
COH-bending oscillator the points needed for the spline fit were generated by displacing the
COH angle by -50 degrees to +80 degrees in the steps of 5 degrees. The 2D potential energy
surface, V' (g, #), consist of quadratic, cubic and quartic coupling terms. The coefficients
of the coupling terms have been calculated using a standard numerical technique from a
9x9 potential energy grid obtained by simultaneously displacing along the OH-stretch and
COH-bend.®? The displacements in this case was from -0.20 A to +0.20 A in steps of 0.05
A for the OH-stretch, and from -20 degrees to +20 degrees in steps of 5 degrees for the
COH-bend. A 1D Schrédinger equation was set up for each of the two donor vibrations and
solved using the method described by Meyer.!? For this purpose, the g-matrix elements at
the equilibrium geometry was used. The product of the eigenfunctions obtained by solving
these 1D Schrodinger equations was used as a basis to set up a vibrational Hamiltonian for
the 2D system. The vibrational states and energy levels were determined by diagonalising
the Hamiltonian using the matrix diagonalisation procedure in the Matlab software.
Previously, it has been found that two of the six intermolecular modes were the major
contributors in a series of hydrated complexes, as the contribution from these two modes
constituted more than 65 % of the total correction to the transition frequency in the hydrated
complexes tested.? These two modes are the donor rock, 3, and the donor twist, =, and only
these two modes are included in the modified LMPT model. We employ a similar definition of

9 as we define the donor

the donor rock compared to the studies on the hydrated complexes,®
rock as the CON-bending motion. However, we define the donor twist, as the rotation of
the donor unit around the CO bond. This is a different definition compared to the hydrated

complexes,®? where the donor twist was defined as the rotation around the HOH bisecting
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vector of the donor water unit. Illustrations of the donor rock and twist are given in Figure

;151?\, )}\3}%)

(a) Rock (b) Twist

S11.

Figure S11: Illustrations of the the donor rock (a) and the donor twist (b).

These two modes are treated as harmonic oscillators, and the harmonic frequency is deter-
mined via the second derivative of 1D potential energy surfaces obtained by displacing each
intermolecular mode by -20 degrees to +20 degrees in the steps of 5 degrees. The g-matrix

element of the donor rock is given by:%?

1 { ( 1 N 1 ) 1 N ( 1 N 1 ) 1 ]
g _— _— _— —_— [
0 [\ mo ) 3y MDonor — Mo — My~ Mo ) T

1 1 1 1 CcoS Ccos cos
+ ( n ) ( $coH  COS PnoH ¢Noc) |

M Acceptor mo

(S12)

2rouroc TOHTON TOCTON

oN mo
where maceeptor 1S the mass of the acceptor unit, ron is the ON bond length, ¢non and ¢noc
are the NOH and NOC angles, respectively. This g-matrix element is similar to that for
the donor rock of the hydrated complexes in the original LMPT model,® with the exception
that the bond length between the free H and the O atom of the donor water unit has been
replaced by the OC bond length, and the mass of the free hydrogen has been replaced by
the mass of the donor unit minus the mass of the OH group. The g-matrix element of the

donor twist is approximated, as the sum of the inverse of the moments of inertia of two

rotors around the OC bond:
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1 1
Gz = ) + : )
my (o sin gcon )’ 32 My (roisin o)’

(S13)

where the summation in the second term is over all donor atoms except those of the COH
group, m; is the mass of atom ¢, r¢; is the distance between the C atom of the COH
group and atom i and ¢oc; is the OCi angle. If this approximation is used to obtain the
rotational constant of the internal rotation, we get 25.49 cm™!, which compares well with
the experimental value of 27.63 cm~1.13

Rayleigh-Schrodinger Perturbation theory is applied to include the effect of the two inter-
molecular modes on the donor vibrations. Each of the donor vibrations are coupled through
the potential energy surface to each of the two intermolecular modes, where up to quartic
force constants are included.®? These force constants were again determined from 9x9 poten-
tial energy grids using a standard numerical technique.® The displacement of the OH bond
was from -0.20 A to +0.20 A in steps of 0.05 A, and for the other modes the displacement
was from -20 degrees to +20 degrees in steps of 5 degrees. Up to fourth order corrections
to the vibrational energies and first order corrections to the vibrational wavefunction were
obtained.

The dimensionless oscillator strength, f,. o, of a transition from the vibrational ground

state, ¥, to a vibrationally excited state, 1y, is given by the equation:!'*!?

Foco = 4.702 x 1077 [em D)yl fivo|? (S14)

where 7, is the transition wavenumber in cm™! and iy« is the transition dipole moment,
fyeo = (y| [ |tho), in Debye (D). The dipole moment, /i, is expanded as a Taylor series in the
two donor vibrational coordinates and the two intermolecular vibrational coordinates. Up
to hextic terms in the diagonal part and quartic terms in the off-diagonal part are included.®
The dipole moment expansion coefficients for the diagonal parts were obtained by fitting sixth

order polynomials to the dipole moments calculated at the same geometries used to generate
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the potential energy surface. The finite field approach was used to determine the dipole
moments with an applied finite field of 0.0001 a.u..'® The dipole moment coefficients for the
off-diagonal part were determined from 9x9 dipole moment grids using the same approach,
which was employed to determine the expansion coefficients of the potential energy coupling.

All integrals were evaluated numerically using the trapezoidal rule and the Matlab soft-

ware package.!”

Table S7: Calculated frequencies (cm™') and oscillator strengths for the fundamental
OH-stretching and second overtone NHg-stretching vibrations in the EtOH-DMA and
MeOH-DMA complexes.

OH-stretch NHg¢-stretch
Method 1% f 17 f
EtOH-DMA 1D LM DFT¢ - 2.00x10~% - 2.21x1078

1D LM CCt 3258 1.66x107* 9688 1.95x1078
LMPT CC® 3352 1.22x107* 9686 1.95x10°8
MeOH-DMA 1DLM CC¢ -  1.80x107* -  1.80x107%
1D LM CCP 3273 1.75x10~* 9702 2.06x10°8
LMPT CC¢ 3377 1.27x10~* 9700 2.07x107%

@ Used in reference 5, assuming a Morse oscillator. 3 6:18:19

b Calculated in this work using numerical integration.

¢ Calculated in this work using numerical integration.

¢ This work.

4 Used in reference 4, assuming a Morse oscillator. 361819 This is the
value for a higher energy structure.
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S5 Determined Kp values

Table S8: Equilibrium constant for the EtOH-DMA complex determined at different tem-
perature (T in K). The average equilibrium constant from three experiments is given and so
are the individual equilibrium constant from experiment 1, 2 and 3.

Kp values

T

average

1

2

3

RT
305
314
324
334
344
354
364
374

19.0+£1.9x1072
15.3+1.5x1072
11.04+1.1x1072
7.7940.8x 1072
5.7640.6x 1072
4.0940.4x1072
3.0840.3x1072
2.2740.2x1072
1.4940.1x1072

21.1x1072

15.2x1072
11.0x1072
7.52x1072
5.60x1072
4.00 x1072
2.99%102
2.11x1072
1.27x1072

17.9x1072P 18.6x1072P

15.3x1072
11.0x1072
7.93x1072
5.57x1072
3.93x1072
3.13x1072
2.32x1072
1.69x10~2

15.5x1072
11.0x1072
7.96x10~2
6.21 x1072
4.39x102
3.13x1072
2.41x1072
1.67x1072

a: At 301 K.
b: At 303 K.
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Table S9: Equilibrium constant for the MeOH-DMA complex determined at different tem-
perature (7" in K). The average equilibrium constant from three experiments is given and so

are the individual equilibrium constant from experiment 4 and 5.

T

Kp values

average

4

5

RT
305
314
324
334
344
354
364
374

21.242.6x 1072
17.242.1x1072
12.74£1.5x1072
9.5541.2x 102
7.1240.9%x 1072
5.2340.6x 1072
3.9940.5x 1072
2.9140.4x 1072
1.7240.2x 1072

25.5x1072* 18.9x10-2b

18.7x1072
14.4x1072
10.6x1072
8.23x1072
5.91x 1072
4.48x1072
3.34x1072
2.23%x1072

16.1x1072
11.6x1072
8.79% 1072
6.44x10~2
4.79x1072
3.67x1072
2.63x1072
1.49x1072

a: At 301 K.
b: At 299 K.
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S6 Determined AH values

In Figure S12, InKp is plotted as a function of T—!. Straight lines are fitted to the data
points and AH values are obtained for the individual experiments, 1 - 5. In Figure S13,
InKp is plotted as a function of T, as in Figure S12; however, the room temperature data
have been included.

In Figure S14, a straight line is fitted to the data, and average AH values of -31.5 kJ /mol
and -29.4 kJ /mol are obtained for the EtOH-DMA and MeOH-DME complex, respectively.

In Figure S15, we divided our data into two ranges, 305 - 334 K and 344 - 374 K. However,
due to the small number of data points in each range, the standard error of the individual
fits is larger than the difference in the AH values, and a temperature dependence of AH

could not be concluded.
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Figure S12: The InKp versus T~ plot for the EtOH-DMA (experiments 1, 2, and 3) and
MeOH-DMA complexes (experiments 4 and 5) The slope of the fits are -AH/R. The room
temperature measurement is excluded and -AH/R values of 3956+428 K, 36444428 K~!
and 3626+427 K~ are obtained for the EtOH-DMA complex experiments 1, 2, and 3, respec-
tively. -AH /R values of 36894425 K~ and 3420+424 K~! are obtained for the MeOH-DMA
complex experiments 4 and 5, respectively.
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Figure S13: The InKp versus T~ plot for the EtOH-DMA (experiments 1, 2, and 3) and
MeOH-DMA complexes (experiments 4 and 5). The slope of the fits are -AH/R. The
room temperature measurement is included and -AH/R values of 4023+366 K~!, 36854372
K~! and 36704371 K~! are obtained for the EtOH-DMA complex experiments 1, 2, and

3, respectively. -AH/R values of 36324364 K~ and 34334357 K~! are obtained for the
MeOH-DMA complex experiments 4 and 5, respectively.

S27
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Figure S14: The InKp versus T~ plot for the EtOH-DMA (black squares) and MeOH-DMA
(red circles) complexes, where the room temperature measurement is included. The slope

of the fit is -AH/R, which is 37944213 K~ and 35344255 K~! for the EtOH-DMA and
MeOH-DMA complexes, respectively.
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Figure S15: The InKp versus T! plot for the EtOH-DMA and MeOH-DMA complexes,
where our data is divided into two ranges. The room temperature data have been excluded
in the fits. The slope of the fits are -AH/R, which is 4171£792 K~ and 3495+660 K~ for
the EtOH-DMA complex and 44654962 K~ and 30754804 K—! MeOH-DMA complexes,
respectively.

The maximum absorbance (An.yx) is also a measure for the band intensity like the inte-
grated absorbance. We determine AH using A,.x according to the equations given in
Section S2. The use of A, does assume that the band shape does not change with tem-
perature, but does provide a useful check on the integration. In Figures S16 and S17,
In(T Apax/(Pa/P® Pg/P?)) is plotted against T~ without and with the room temperature

data, respectively.
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Figure S16: The In(T Anyax/(Pa/P°Pg/P®)) versus T' plot for the EtOH-DMA and
MeOH-DMA complexes. The room temperature data have been excluded. The slope of
the fit is -AH/R, which is 3810+£247 K~! and 35194300 K~! for the EtOH-DMA and
MeOH-DMA complexes, respectively.
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= EtOH-DMA 1 o MeOH-DMA

9.0 - .

| ! I} | | ! I}
0.0030 0.0033 0.0027 0.0030 0.0033
T /K T /K’

Figure S17: The In(T Anax/(Pa/P°Pg/P®)) versus T' plot for the EtOH-DMA and
MeOH-DMA complexes where the RT measurement is included. The slope of the fit is -
AH/R, which is 3869+213 K~! and 3528+255 K~! for the EtOH-DMA and MeOH-DMA
complexes, respectively.

|
0.0027

Table S10: Determined AH (kJ/mol) values from the individual experiments of the
EtOH-DMA and MeOH-DMA complexes, with (+RT) and without (+RT) the room tem-
perature measurements. Values based on the integrated absorbance and the maximum ab-
sorbance are given.

—AH values EtOH-DMA —AH values MeOH-DMA

average 1 2 3 average 4 )

Int. Abs. +RT 31.14£2 32944 30.3£4 30.1+4 29.5+2 30.7£4 28.4+£4
+RT 31.5+£2 334£3 30.6£ 30.5+£3 29.4+2 30.2+£3 28.5£3

Amax =RT 31.7£2 - - - 29.31+2 - -
+RT  32.3%2 - - - 29.3+2 - -
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S7 Previous temperature investigations

S7.1 The MeOH-DMA complex

Temperature experiments of the MeOH-DME, MeOH-DMS, MeOH-DMA, MeOH-TMA and
(DMA), complexes have previously been performed.?!®2° In these studies, the product of
the monomer pressures, Py Pg, was kept constant at all temperatures. Initially, a room tem-
perature spectrum was measured of a sample. The cell was then connected to the vacuum
line and emptied. To ensure that the pressure at the elevated temperatures was the same
as that in the initial room temperature measurement, the amount of sample pressure to be
transferred into the cell at room temperature was reduced as calculated from the ideal gas
law. The sample was then transferred to the cell, and the cell was then heated. If the Py Pg
product is kept fixed, Kp is directly proportional to Pxg, hence Kp is directly proportional
to the temperature times the integrated absorbance (T [ A(7)dr), see equations S4 - ST7.
However in the previous work, In( [ A(7)dr) was plotted against 7', from which AH was
determined. The temperature was left out, which makes a small change in the determined
AH values. We have taken the original data for the MeOH-DMA and MeOH-TMA com-
plexes* and replotted it as In(T' [ A(7)di) versus T—'. In Figure S18, the new linear fits are

shown, from which AH values are determined from the linear fit.
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Figure S18: The In(7" [ A(7)dv) plotted against 7' for the MeOH-DMA (red circles) and
MeOH-TMA (black squares) complexes. The slope of the fit is -AH/R, which is 3981 K~!
and 4308 K~! for the MeOH-DMA and MeOH-TMA complexes, respectively. AH values of
-33.1 kJ /mol and -35.8 kJ /mol are obtained for the MeOH-DMA and MeOH-TMA complexes,
respectively. If the room temperature measurements (7! = 0.00335 K~!) are removed from
the fit AH values of -36.3 kJ/mol and -39.1 kJ/mol are obtained for the MeOH-DMA and
MeOH-TMA complexes, respectively.

We obtain AH values of -33.1 kJ /mol and -35.8 kJ /mol for the MeOH-DMA and MeOH-TMA
complexes, respectively, compared to the values of -35.8 kJ/mol and -38.2 kJ /mol, respec-
tively.? In the In[ A(#)dv versus T~! plot, a curvature as a function of temperature was
observed, and AH was concluded to be temperature dependent.* A curvature as a function
of temperature is also observed in the corrected data in Figure S18. The deviations from a
linear correlation may arise from experimental uncertainties related to the pressure determi-
nation with the ideal gas law, as discussed previously, and the assumption of a fixed P Py
product may be more uncertain. We expect the uncertainties given in these previous studies

to be larger than given.%2!:22
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S7.2 The EtOH-DMA complex

We have taken the experimental data previously recorded of the EtOH-DMA complex,® and
re-integrated the fundamental OH-stretching and second overtone NH;-stretching vibrations.
In Figure S19, we compare integrations of the OH-stretching band previously performed (a)
and recently performed (b). In both integrations a straight baseline was drawn between two
points on either side of the observed band. In the previous integration, Lorentzian functions
were fitted to the observed band, from which the integrated absorbance was obtained.® In the
new integration, the integrated absorbance was simply obtained by the area of the enclosure,
as shown in part (b) of the figure. We believe, that the new integration is more accurate
than that previously performed. In Table S11, we summarise the integrated absorbance of
the OH- and NH;-stretching bands, with a difference of about 20 %.

In reference 5, a 50%/50% average of the local mode B3LYP /aug-cc-pVTZ calculated
oscillator strengths was used to determine the pressure of the complex (Pap), and hence the
Kp value. We have re-calculated Pag and Kp using only the oscillator strength of the lowest
energy conformer. In Table S12, the calculated oscillator strengths are given. In the previous
study of the second overtone of NH;-stretching vibration in EtOH-DMA complex, the M06-
2X /aug-cc-pVTZ oscillator strength was accidently used to determine Pap, even though it
was stated that the B3LYP /aug-cc-pVTZ oscillator strength was used. The 1.34x107® value
given in Table S12, is the 50%/50% average M06-2X /aug-cc-pVTZ oscillator strength of the
second overtone NHg-stretching vibration used in reference 5. In Table S12, we also give
the Kp and AG values determined from the 1D local mode B3LYP /aug-cc-pVTZ calculated

oscillator strengths.
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Figure S19: The integrated absorbance of the OH-stretching band in the EtOH-DMA com-
plex. (a) The integration previously performed in reference 5. (b) New improved integration
of the data from reference 5.

Table S11: Integrated absorbance (cm™') of the fundamental OH-stretching and second
overtone NH¢-stretching vibrations in the ESOH-DMA complex. For the new data the inte-
gration ranges were 3148 - 3700 cm™! and 9500 - 9750 cm™! for the OH- and NH;-stretching

vibrations.

OH-stretch

NH;-stretch

Previous data® New data

Previous data® New data

15.2
13.1
11.7
114
7.81
6.19

13.2
9.69
8.99
8.97
6.05
491

0.20
0.14

0.16

0.11

a: Reference 5.
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Table S12: Calculated one dimensional local mode oscillator strengths of the fundamental
OH-stretching and second overtone NH¢-stretching vibrations in the EtOH-DMA complex.
The determined Kp values and AG values (kJ/mol) are also given.

OH-stretch NH;¢-stretch
Previous data® New data Previous data® New data
f 2.17x1074>  2.00x10~*P 1.34x1078¢  2.21x1078P
Kp 0.11 0.092 0.44 0.21
AG 5.47 5.90 2.03 3.85

a: Reference 5.

b: Calculated with the B3LYP/aug-cc-pVTZ method and 1D
LM assuming a Morse oscillator.3 61819

c: Calculated with the M06-2X/aug-cc-pVTZ method and 1D
LM assuming a Morse oscillator.
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