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Vapor pressures of four organic iodides, 1-iodo-2-methylpropane (CAS Registry No. 513-38-2), 1-iodo-3-
methylbutane (CAS Registry No. 541-28-6), 1-iodohexane (CAS Registry No. 638-45-9), and iodocyclohexane
(CAS Registry No. 626-62-0), were measured using the static method in the technologically important
temperature range (254 to 308) K. The experimental data were fitted with the Clarke and Glew equation. To
our knowledge, this is the first time that vapor-pressure measurements for 1-iodohexane and iodocyclohexane
are reported in the given temperature range. For 1-iodo-2-methylpropane and 1-iodo-3-methylbutane, the
present measurements update the only available literature data originating from the year 1895.

Introduction

Organic iodides are commonly used in organic and organo-
metallic chemistry as alkylating agents because of the easy
formation and cleavage of the C—1 bond. An overview of the
literature sources reporting vapor-pressure data for 1-iodo-2-
methylpropane, 1-iodo-3-methylbutane, 1-iodohexane, and io-
docyclohexane given in Table 1 reveal that only fragmentary
vapor-pressure data obtained in the studies devoted to the
synthesis or correlations were published to date. Therefore, in
this work, we report precise vapor-pressure data for these iodides
in the temperature range (254 to 308) K.

Experimental Section

Materials. All of the studied iodides were supplied by Alkyl
(Moscow, Russia) in sealed containers with copper pieces as a
stabilizer. According to the manufacturer’s NMR spectra, the
mole fraction of organic impurities did not exceed 1.5-103;
according to the manufacturer’s inductively coupled plasma
(ICP) spectroscopy, the total mass fraction of metal impurities
was below 1-107°. The thorough degassing was performed by
a multistage vacuum distillation as described in detail in ref 1.

Apparatus and Procedure. Vapor pressures of the less volatile
iodides, 1-iodohexane and iodocyclohexane, were determined
using the static method with a newly constructed apparatus
internally denoted as STAT6. The apparatus is schematically
shown in Figure 1. It is constructed of stainless steel internally
electrochemically polished tubing with ConFlat DN 16 CF and
VCR connections and all-metal, pneumatically operated, angle
valves VAT series 57 (VAT Vacuumvalves AG, Switzerland)
for UHV. The pressure is measured simultaneously by two
capacitance diaphragmabsolute gauges MKS Baratron 690A01TRA
and MKS Baratron 690A11TRA (MKS Instruments Inc., USA).
Their measuring upper limits are (133 and 1333) Pa, respec-
tively. The temperature of the pressure sensors is kept at T =
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318 K by an internal temperature controller. Calibrations of the
pressure gauges at 318 K performed by the manufacturer at 11
equally spaced pressures from (0 to 130) Pa and (0 to 1300)
Pa, respectively, with a maximum relative deviation of 0.03 %,
are traceable to the National Institute of Standards and Technol-
ogy (NIST). Additional calibrations focusing on the beginning
of a pressure span were performed in the Czech Metrology
Institute. The resulting relative uncertainty of the pressure
reading is less than 0.05 %, which is the uncertainty stated by
the manufacturer. The pressure readings from both pressure
gauges in the overlapping pressure range coincide within the
resolution of the model 690A11TRA, that is, 0.01 Pa.

The pressure gauges are connected to a stainless steel
container with the measured material immersed in a Lauda RK
8 CP liquid bath thermostat that allows adjustment of the sample
temperature in the temperature range from 233 K up to 473 K
with stability better than 0.02 K. The sample temperature is
measured by a platinum resistance thermometer Burns Engi-
neering 12001-A-12-6-2-A in a four-wire connection calibrated
by the manufacturer at the ice point and/or by comparison to a
standard platinum resistance thermometer (SPRT). This SPRT
was calibrated to the ITS-90, and its calibration was traceable
to NIST. The uncertainty of the measurement of the sample
temperature is less than 0.02 K, which is insignificant in the
pressure range investigated in this work.

The tubing between the cell and the pressure gauges is placed
in an insulated box thermostatted at a temperature higher than
that of the sample to avoid condensation of its vapor. The box
is thermostatted by using air convection forced by means of
ventilatorsand is controlled to +0.2 K by aproportional —integral—
derivative (PID) temperature regulator Eurotherm 2600 con-
nected to a Pt100 thermometer.

The vacuum pump used to evacuate the system between the
measuring cycles is a turbomolecular pump Pfeiffer vacuum
TSHO71 (Pfeiffer vacuum GmbH, Germany). The primary
vacuum is ensured by a scroll vacuum pump Edwards XDS5
(Edwards Ltd., UK). The use of these vacuum pumps assures
an oil-free pumping that significantly decreases the adsorption
of measured samples caused by oil film that is formed when
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Table 1. Overview of the Literature Vapor Pressure Data for the Studied lodides®

ref Nb (Tmin - Tmax)/K (pmin - pmax)/kpa note
1-lodo-2-methylpropane
Timmermans and Delcourt™® 1 393.15 101.325 synthesis
Vogel** 1 392.65 102.792 synthesis
Stull* S¢ 256.15 to 393.55 0.133 t0 101.325 based on book by Anschiitz and Keitter®
Franzen*? 1 393.15 to 394.15 101.325 synthesis
Broadbent et al.*® 1 321.1510 322.15 7.333 synthesis
1-lodo-3-methylbutane
Stull* S 270.65 to 421.35 0.133 t0 101.325 based on book by Anschiitz and Keitter®
Afanas’ev et al.** 1 4221510 423.15 101.325 synthesis
Hajipour et al.*® 1 416.15t0 417.15 101.325 synthesis
1-lodohexane
Vogel** 2 318.71 to 453.15 0.533 to 103.192 synthesis
Mumford and Phillips'® 1 349.65 3.066 synthesis
Franzen*? 1 453.15 to 455.15 101.325 synthesis
Cavanna®’ 1 319.15 0.533 synthesis
Li and Rossini*® S 331.45 to 485.05 1.333 to 200 correlation
LeFevre and Orr'® 1 316.15 0.333 synthesis
Geiseler et al.*° 1 333.15 1.700 synthesis
Ogata and Aoki?* 1 357.15 4.800 synthesis
Castro and Selve®? 1 337.17 1.900 synthesis
Ciuhandu and Tirnaveanu?® 1 337.15 1.867 synthesis
Hajipour et al.*® 1 356.15 to 358.15 4.800 synthesis
lodocyclohexane
Stone and Schechter®* 1 321.15 t0 322.65 0.533 synthesis
Kornblum et al.® 1 338.15 1.467 synthesis
Forsman and Lipkin?® 1 358.15 to 363.15 4.133 synthesis
Forsman and Lipkin®® 1 368.15 to 370.15 6.133 synthesis
Brennan and Ubbelohde?’ 4 358.45 to 408.15 3.800t0 22.118 isoteniscope, unc. 0.2 K, 40 Pa
Lauwers et al.?® 1 345.15 2.000 synthesis
Olah et al.?® 1 341.15t0 342.15 1.333 synthesis
Morita et al.° 1 363.15 to 364.15 4.133 synthesis
Olah et al.* 1 311.15 0.200 synthesis
Imamoto et al.> 1 353.15 2.400 synthesis
Lecea et al.* 1 453.15 to0 456.15 101.325 synthesis

2 Literature data published prior to 1928 are not included in the table. ® N stands for the number of experimental points. ¢S stands for smoothed data.

Such data cannot a priori be used for further statistical treatment.
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Figure 1. Static apparatus STAT 6 for the measurement of vapor pressure.
Valves 1 and 2 are computer-controlled and take control of the measuring
procedure.

rotary and/or diffusion pumps are used. A cold trap cooled down
to 220 K by an electronic cooler (vapor-compression refrigera-
tion device) is placed between the measuring system and the
turbomolecular pump.

Prior to the measurement of vapor pressure, the apparatus is
checked for tightness by an MKS PICO helium leak detector
(MKS Instruments Inc., USA). The apparatus is evacuated
between individual measurement cycles to a pressure of about
1075 Pa. A computer using the Agilent VEE program monitors
the temperature and pressure of the sample and controls the
measuring procedure (temperature and valve control).

The performance of the STAT6 apparatus was checked by
the measurement with naphthalene, which is recommended for

calibrating vapor-pressure apparatuses.? The agreement with the
recommended data® was within the uncertainty of the vapor-
pressure measurements with the STAT6 apparatus, which is
adequately described by the expression o(p/Pa) = 0.005(p/Pa)
+ 0.05.

Vapor-pressure measurements of more volatile idodides,
1-iodo-2-methylpropane and 1-iodo-3-methylbutane, were per-
formed using the static method with an apparatus internally
denoted as STAT7. The apparatus and measuring procedure
were previously described in detail.* The pressure is measured
by a capacitance diaphragm absolute gage MKS Baratron
631A12TBEM (MKS Instruments Inc., USA). Its measuring
upper limit is 13332 Pa, and the uncertainty is 0.25 % of the
reading as stated by the manufacturer. The sample temperature
is measured by a platinum resistance thermometer Burns
Engineering 12001-A-12-6-2-A in a four-wire connection. The
uncertainty of the temperature measurements is estimated to be
less than 0.02 K. The uncertainty of the vapor-pressure
measurements with the STAT 7 apparatus in the pressure range
investigated is the same as with the STAT6 apparatus, that is,
o(p/Pa) = 0.005(p/Pa) + 0.05. All temperatures reported in this
work are based on the international temperature scale 1TS-90.

Results and Discussion

The vapor-pressure measurements were carried out in the
temperature interval (254 to 308) K in which all of the studied
iodides were liquids. The experiments were performed by
varying the temperature at random to detect systematic errors
caused by insufficient degassing of the sample. The measure-
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Table 2. Experimental Vapor Pressures for 1-lodo-2-methylpropane, 1-lodo-3-methylbutane, 1-lodohexane, and lodocyclohexane

1-iodo-2-methylpropane 1-iodo-3-methylbutane

1-iodohexane iodocyclohexane

TIK p/Pa Ap?/Pa TIK p/Pa Ap?/Pa TIK p/Pa Ap?/Pa TIK p/Pa Ap?/Pa
258.35 233.12 0.19 253.70 38.50 —0.03 258.18 6.85 0.00 258.17 5.26 0.01
258.35 233.13 0.20 253.68 38.32 —0.14 258.18 6.85 0.00 258.17 5.27 0.01
258.35 232.99 0.05 253.67 38.27 —0.16 258.17 6.84 0.00 258.17 5.25 0.00
263.70 340.51 0.25 258.62 58.03 0.43 263.17 10.90 0.00 263.17 8.29 —0.02
263.70 340.03 —0.24 258.62 57.89 0.29 263.17 10.90 0.01 263.17 8.30 —0.01
268.37 466.35 —0.83 268.98 127.59 0.13 263.17 10.90 0.00 263.17 8.29 —0.01
268.37 466.29 —0.89 269.10 127.97 —0.61 268.17 16.99 —0.02 268.17 12.85 —0.03
273.31 645.06 0.33 273.61 178.10 0.18 268.17 17.01 0.01 268.17 12.85 —0.02
273.31 644.61 —0.13 273.61 178.27 0.34 268.17 17.00 0.00 268.17 12.86 —0.01
278.35 883.59 —0.22 273.61 178.42 0.50 273.65 27.09 0.00 273.65 20.39 0.01
278.35 884.16 0.35 278.58 250.89 —0.20 273.65 27.07 —0.02 273.65 20.37 0.00
278.35 882.43 —1.38 278.56 250.40 —0.35 273.65 27.07 —0.01 278.15 29.28 0.03
283.39 1196.2 0.0 278.57 250.63 —0.29 278.15 39.10 0.04 278.15 29.27 0.01
283.39 1196.9 0.6 283.56 348.82 —1.05 278.15 39.09 0.03 283.15 43.14 0.09
283.39 1196.9 0.6 283.55 348.61 —1.04 283.15 57.71 0.00 283.15 43.08 0.03
288.35 1595.3 2.4 283.55 348.64 —1.00 283.15 57.69 —0.02 288.15 62.39 0.01
288.35 1594.9 2.0 288.52 482.06 1.27 288.15 83.99 0.08 288.15 62.38 0.00
293.27 2093.7 0.5 288.53 482.57 1.48 288.15 83.95 0.04 293.15 89.05 —0.02
293.27 2094.0 0.8 288.54 482.49 1.10 293.15 120.13 —0.02 293.15 89.05 —0.02
298.25 2731.6 0.4 293.57 655.14 —1.28 293.15 120.11 —0.05 298.15 125.39 —0.04
298.25 2732.0 0.7 293.55 655.76 0.13 298.15 169.45 —0.13 298.15 125.42 —0.01
298.25 2731.8 0.5 293.55 655.72 0.10 298.15 169.47 —0.11 303.15 174.23 —0.09
303.23 3525.6 -2.9 298.43 874.96 —1.07 303.15 235.94 —0.10 303.15 174.30 —0.02
303.23 3524.5 —4.1 298.44 875.35 —1.19 303.15 235.95 —0.09 308.16 239.38 —0.03
298.44 875.62 -0.91 308.15 324.48 0.17 308.16 239.44 0.03
303.29 1157.1 0.0 308.15 324.38 0.06 308.16 239.44 0.03
303.29 1158.6 14 308.15 324.50 0.18
303.29 1159.7 2.6

2 AP = P — Peatcds Where peeq is calculated from the Clarke and Glew eq 1 with parameters given in Table 3.

Table 3. Parameters of Clarke and Glew Equation 1 at the Reference Temperatures @ = 298.15 K and Pressure p° = 10° Pa
(Tmin - Tmax) A?Glf‘)n APH% A?Cg‘m o Tnhpb
compound K Jemol™* J-mol?* JeKtemol ! Pa K

1-iodo-2-methylpropane 258 to 303 8938.25 + 0.82 38766.92 + 27.37 —36.56 + 1.36 1.40 392.92

1-iodo-3-methylbutane 254 t0 303 11784.67 + 2.19 43183.17 + 68.70 —33.59 + 3.06 0.97 417.22

1-iodohexane 258 to 308 15814.90 + 0.37 49887.15 + 10.72 —71.53 £ 0.60 0.07 460.73

iodocyclohexane 258 to 308 16562.38 + 0.79 49613.17 + 23.48 —56.25 + 1.31 0.03 469.18

@0 is the standard deviation of the fit defined as o = [X[Li(Ap)?/(n — m)]*2, where Ap is the difference between the experimental and the smoothed
values, n is the number of experimental points used in the fit, and m is the number of adjustable parameters of Clarke and Glew eq 1. ® Ty, is the

normal boiling temperature calculated from Clarke and Glew eq 1.

ments were performed repeatedly at selected temperatures. When
the pressure did not change with the number of measuring
cycles, the sample was considered completely degassed, and
the final set of data was recorded. At least two experimental
points were obtained for each temperature.

The experimental data on vapor pressure listed in Table 2
were fitted with the Clarke and Glew equation®

) iy 1)
A?C&m(e)[(% — 1+ In(g)] 1)

where p is the vapor pressure, p° is a selected reference pressure,
0 is a selected reference temperature, R is the molar gas constant
(R=8.314472 J-K t-mol™1), APG}, is the difference in molar
Gibbs energy between the gaseous and the liquid phase at the
selected reference pressure (the gaseous phase is assume to be
an ideal gas at the pressure p°), APHY is the vaporization
enthalpy, and AJC3,, is the difference between the heat capacities
of the ideal gas and of the liquid phase. Given the temperature
range studied, the use of the Clarke and Glew eq 1 with three
parameters is adequate. The advantage of this equation lies in
a physical significance of the fitted parameters. The parameters
of the Clarke and Glew eq 1 together with the standard deviation

of the fit, o, and calculated normal boiling temperatures, Ty,
are presented in Table 3. Figure 2 shows the relative deviations
of the experimental vapor pressure data for all of the studied
iodides from the smoothed values obtained from eq 1. The
relative deviations do not exceed 0.25 % for 1-iodo-2-methyl-
propane, 1-iodohexane, and iodocyclohexane and 0.75 % for
1-iodo-3-methylbutane.

The comparison of the vapor-pressure data from this work
with the literature results is shown in Figure 3. In the studied
temperature interval only smoothed data for 1-iodo-2-methyl-
propane and 1-iodo-3-methylbutane reported by Stull* were
found in the literature. Stull’s smoothed data were obtained from
the data published in the book by Anschiitz and Keitter® in 1895
(we were unable to obtain original data points from this book).
The relative deviations range from (23 to 33) % for 1-iodo-2-
methylpropane and from (7.0 to 7.5) % for 1-iodo-3-methylbu-
tane in the temperature range studied.

As the normal boiling temperature, Ty, is one of the basic
characteristics of a compound used as input in many correlations
and estimation methods, T, were calculated using eq 1 (see
Table 3). Given the length of extrapolation, these values compare
satisfactorily with most of Ty, that can be identified in Table
1. The properties derived from the vapor-pressure data, the
standard molar enthalpy of vaporization at T = 298 K,
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Figure 2. Comparison of vapor pressures p for 1-iodo-2-methylpropane
and 1-iodo-3-methylbutane obtained in this work with the literature values.
Peaica IS Obtained from Clarke and Glew eq 1. @, this work (1-iodo-2-
methylpropane); O, this work (1-iodo-3-methylbutane); B, Stull* (1-iodo-
2-methylpropane); O, Stull* (1-iodo-3-methylbutane).
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Figure 3. Comparison of experimental vapor pressures p for all of the
studied iodides from this work with smoothed values peaicq Obtained from
Clarke and Glew eq 1. @, 1-iodo-2-methylpropane; O, 1-iodo-3-methylbu-
tane; ¥, 1-iodohexane; x, iodocyclohexane.

APH?,(298.15 K), and APCS(298.15 K) = C§%(298.15 K) —
Chm(298.15 K), are compared with the literature values in Table
4. Values of APHS,(298.15 K) obtained in this work for 1-iodo-
2-methylpropane and 1-iodohexane are in excellent agreement
with those determined calorimetrically by Wads6.® Values of
AJCH(298.15 K) compare reasonably with values obtained from
calorimetric measurements of Cj,n(298.15 K)"® and C§%,(298.15
K) estimated by Benson method.®

Conclusions

New vapor-pressure data for four organic iodides, 1-iodo-2-
methylpropane, 1-iodo-3-methylbutane, 1-iodohexane, and io-
docyclohexane, were determined using the static method in the
temperature range (254 to 308) K. The present measurements
significantly extend and update the fragmentary volatility data
available in the literature. The vapor-pressure data for 1-iodo-
2-methylpropane and 1-iodohexane are consistent with high-
precision vaporization enthalpies obtained calorimetrically by
Wadso.®

Table 4. Comparison of AfH%(298.15 K) and A?C},(298.15 K)
Derived from the Vapor-Pressure Data from This Work with the
Literature Values®

APHY,(298.15 K)  APCY,(298.15 K)

ref kJ-mol—t J:Kt:mol™*  method
1-lodo-2-methylpropane
this work 38.8 —36.6 VPP
Stull* 40.9 —28.0 VPbe
Wadst® 38.83 cd
Kolska et al.®* 385 GCEM®
Shehatta® —57.1" cd
1-lodo-3-methylbutane
this work 43.2 —336 VPP
Stull* 43.0 —36.1 VPpPe
Chickos et al.*® 42.22 CcGce
Kolska et al.®* 433 GCEM®
1-lodohexane
this work 49.9 —715 VPP
Wadst® 49.75 cd
Kolska et al.3* 50.5 GCEM®
Shehatta® —67.3f cd
Bolotnikov and Neruchev’ —62.9° cd
lodocyclohexane

this work 49.6 —56.3 VPP
Chickos et al.*® 48.32 cGcee
Kolska et al.>* 488 GCEM®

2 APHY,(298.15 K) is the standard molar vaporization enthalpy at T =
298.15 K; APC)(298.15 K) = C35(298.15 K) — Cj,m(298.15 K), where
C§%(298.15 K) and Chm(298.15 K) are the heat capacities of ideal gas
and liquid at T = 298.15 K, respectively. P VP stands for data calculated
from vapor pressures. ©Vapor pressure fitted to the Clarke and Glew
equation in this work. 9C stands for calorimetric determination.
©GCEM stands for group contribution estimation method. * C§%(298.15
K) was estimated by the Benson method.® 9CGC stands for
determination by correlation gas chromatography.
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