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Critical Pressures and Temperatures ofn-Diaminoalkanes (G to Ci)
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The critical temperatures and pressures of eigtitaminoalkanes NK{CH,),NH, with n = 2, 3, 4, 6, 8, 9, 10,

and 12 have been measured. The method of pulse heating of a wire probe immersed into the liquid under study
has been used. Residence times are from (0.03 to 1) ms. The critical properties of diaminoalkanes have been
estimated by the group-contribution methods by Joback and Reid, Constantinou and Gani, and Marrero and Gani.
These properties have also been calculated using a method based on the assumption that the functions describing
the dependence of the critical properties of homologous series on the number of mers in a molecule should be
self-similar and provide the scaling behavior for long-chain molecules. The last method provides the best accuracy
in calculating the critical properties of diaminoalkanes. For this method, the average absolute errors are equal to
0.4 % for the critical temperature and ab@i% for the critical pressure.

Introduction Es(T/Tc = 0.625)
A=10 0
(3

Diaminoalkanes Nk(CH,),NH, are widely employed in
various organic syntheses. For example, 1,6-diaminohexane is ) -
well-known to be used in manufacturing nylon 6,6; 1,12- Whereps is the vapor pressure. The Filippov parameters and
d|am|n0d0decane |S a source Of 12 Carbon Cha|ns for medlcalthe Cr|tlca| constants Of d|am|n0a|kanes were Calculated by an
drugs and so on. However, the critical constants of diamino- iteration method. For the first iteratiop; and T{ were used
alkanes have probably been measured only for 1,2-diamino-as the critical constants; the vapor pressure of diaminoalkanes
ethanét In this paper, we report the experimental critical With n = 2 was estimated by the Antoine equationjth n =
temperatures and pressures of eight diaminoalkanesrwith 3 to 10 by the Clapeyron equation and normal or reduced
2,3,4,6,8,9,10, and 12. The pulse-heating method was usedPressure boiling points taken in accordance with the NIST

for the measurements. recommendation.Then the values of, androwere calculated
and with the use of eq Ip. and T, were calculated. For the
Experimental Section second iteration, the Filippov parameter and the critical constants

were calculated using the values obtained after the first iteration.
Two iterations were enough because the valuesooand 7o

m fina the br re dependen f the temperatur fthare little affected by the variations of Filippov's parameter. We
easuring the pressure dependence of the temperatureé of Ngaq 5 find in the literature the vapor pressure of 1,12-

?;taihnallblefsut;r)].erhe.at (spgntra]met()l:jsbboilirrg-up)f OT atli.quid witT diaminododecanen(= 12). The Filippov parameter of this
€ nelp of a thin wire probe heated by pulses ot electric current. compound was estimated by the following equation:
When the pressure in the liquid approaches the critical pressure,

the temperature of the attainable superheat approaches the
critical temperature. The values of the critical press(oB

and the critical temperatur@{) obtained in the course of the  the form of which was suggested in our previous publicatféhs.
measurements should be corrected in accordance with theThe constants, and a; were determined by processing the

Method. The pulse-heating apparatus and procedures have
been described in detail earligr* The method consists of

InA=a,+a,n®

following equation: Filippov parameters fon = 2 to 4, 6, 9, and 10a, = 0.92424,
a; = —0.39542.
p. = polm, T.=Tolz, (1) For the calculation of the correction factors, the ideal gas

heat capacity of the substance under study and the f&stor
Here 1ho and 1t are correction factor®® In the calculation &€ also needed. The ideal gas heat capacity was estimated by
of the correction factors, use is made of the similarity parameter the method of Rihani and Doraiswamy as presented by Reid et
of a substance suggested by Filippov, which is analogous to all0 The factorGr = 9 In J/T, whereld is the rate of bubble

the acentric factof: nucleation in a superheated liquid, was measured in one
experiment with the critical constants and estimated at 15 K

* Corresponding author. E-mail: e-nikiin@mail.ru. Fax7-343- The procedure of measuring this factor was described in our

2678800. previous papet.
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Table 1. Sources and Purities of Compounds Used in Critical Point Measurements

purity/%
before measuring after measuring
critical constants critical constants
compound CASRRN supplier supplier GC PMS GC PMS

1,2-diaminoethane 107-15-3 Fluka 99.5 99.9 99.9 99.9 99.9
1,3-diaminopropane 109-76-2 Aldrich 100.00 98.5 100.0 100.0 100.0
1,4-diaminobutane 110-60-1 Aldrich 99.20 99.7 99.9 99.7 99.9
1,6-diaminohexane 124-09-4 Sigma 99.9 99.9 99.8 99.9 99.9
1,8-diaminooctane 373-44-4 Fluka 99.7 100 99.9 99.8 99.8
1,9-diaminononane 646-24-2 Aldrich 97.8/99.10 100 99.9 100 99.9
1,10-diaminodecane 646-25-3 Aldrich 98.20/99.40 99.8 100 99.8 100
1,12-diaminododecane 2783-17-7 Aldrich 99.9/99.2 100 99.8 99.8 100

aCAS Registry Number® For a given lot (GCltitration vs HCIE).

Table 2. Critical Temperatures of n-Diaminoalkanes
NH2(CH2)nNH2: Experimental and Calculated Values

Table 3. Critical Pressures ofn-Diaminoalkanes NH(CH2),NH2:
Experimental and Calculated Values

TJ/K p/MPa

n Th¥YK TJ/K ref14 refl5 refl6 refl7 n p/MPa ref 14 ref 15 ref 16 ref 17

2 391 614+ 6 5925 593.0 593.0 608 2 6.65+ 0.20 5.954  6.290 6.290 6.30
613.1+ 0.2 6.707+ 0.007

3 413.2 632+ 6 612.6 6025 5995 630 3 5.59+ 0.17 5.161 5.552 4,921 5.36
4 431.7 651+ 7 627.1 623.9 6215 650 4 4544 0.14 4516  4.799 4.243 4.63
6 477.7 685+ 7 669.0 660.4 660.0 685 6 3.59+0.11 3.543  3.698 3.290 3.59
8 498.7 712+ 7 676.8 690.7 693.0 715 8 2.80+ 0.08 2.854  2.946 2.667 2.89
9 531.8 726+ 7 7117 704.1 7079 728 9 2.63+0.08 2.582 2.656 2.434 2.62
10 736+ 7 716.7 7219 740 10 2.43+0.07 2.347 2.409 2.238 2.39
12 767+ 8 739.4 747.6 763 12 2.014+0.06 1.965 2.012 1.930 2.02
AAPE®% 3.26 3.51 3.29 0.40 AAPEY% 3.67 2.75 7.05 2.13
MAPEY% 4,94 4.67 5.14 0.93 MAPEY% 10.47 5.70 11.97 5.26

aTy is the normal boiling point; according to NIST recommendation.
b Data by Wilson et at. ¢ AAPE = (LN)(Z [T — TEYTEP) x 100 %,
whereN is the number of experimental data poiri§,’ is the experimen-
tal value of the critical temperature, afiffis the calculated value of the
critical temperatured MAPE = (ITg® — Temad T x 100 %.

a Data by Wilson et at. P AAPE = (1IN)(3 |p2* — p&9/p2®) x 100 %,
whereN is the number of experimental data poirg§? is the experimen-
tal value of the critical pressure, amp*® is the calculated value of the
critical pressure$ MAPE = (|p2® — pS®%ax /p&P) x 100 %.

(3

Table 4. Parameters of Equations 2 and 3

The critical parameters determined in the way described above parameter value
may depend on the time from the beginning of a heating pulse v 3
to the moment of boiling-up* due to the decomposition of a a 2.3711210°
substance under study in the course of heating. The critical & —7.638810!
constants of diaminoalkanes were measured with the help of % 52'734102
probes (1, 2, and 3) cm in length at heating tinfes= (0.03, b 6.036

0.06, 0.11, 0.22, 0.45, and 1.00) ms. Several portions (from 2
to 4) of each compound were used. No thermal decomposition

values estimated using the group-contribution methods by

of diaminoalkanes was observed in the course of measuring soJoback and Rei#* Constantinou and Ga#,and Marrero and

the experimental data were averaged over all the probe lengths
heating times, and portions.

Sources and Purities of the Compounds Studiddhe sources
and purities of the diaminoalkanes studied are given in Table

Ganit® as well as the values calculated by the equations
suggested in our previous papér:

T.n) = [[a,a,(1 — v)(n — K) + [T(K* + a1 — a] '™

1. Before and after measuring the critical constants, the purities @)
of the samples were determined using gas chromatography
(Shimadzu GS-Ha) and proton magnetic spectroscopy (Bruker pn) = [p(K)* " + b2 — 1)(n — KV (3)

DRX 400).

Uncertainties. The uncertainties of the critical constants
measured by the pulse-heating method were discussed in detai
in our previous papers; 13 We estimate the uncertainties for
diamonoalkanes at 0.G8 and 0.01T,, whereT is the absolute
temperature. It corresponds to froat 0.20 to+ 0.06) MPa
for the critical pressure and front(6 to + 8) K for the critical
temperature (see Tables 2 and 3).

Results and Discussion
Tables 2 and 3 present the critical temperatures and pressure

Heren and k are the numbers of mers in a molecule. These
équations were obtained from the idea that the functions
describing the dependence of the critical properties of homolo-
gous series on the number of mers in a molecule should satisfy
the two following requirements: (i) should be self-similar ones
and (ii) should provide the scaling behavior for long-chain
molecules. In addition, for homologous series with the same
structure of mer, independently of the structure of end groups,
these functions should give the same values of the limitmg (
s> o) critical properties. The parameters of eqs 2 and 3 are

of n-diaminoalkanes included in this study. Our data for 1,2- given in Table 4. According to the theory developed in ref 17,
diaminoethane are in good agreement with the results by Wilsonthe values ofv andZ are universal and depend on neither the
et all obtained by a flow method. Tables 2 and 3 contain the structure of a mer nor the structure of end groups. The
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Equations 2 and 3 provide the best accuracy in comparison
. with the group-contribution methods, especially for the critical
temperature. It is not surprising because the critical temperature
and pressure of one of diamonoalkanes (base point) are used in
these equations.
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Conclusion

The critical temperatures and pressures of eigtiamino-
alkanes have been measured by the pulse-heating technique.
They have also been calculated using the group-contribution

, ‘ , ‘ , methods and a method based on the hypothesis of functional
2 4 6 8 10 12 self-similarity and the scaling behavior of the critical constants
n of long-chain molecules. The last method provides the best
Figure 1. Critical temperatures ofi-diaminoalkanes NKCH)nNH; vs accuracy in calculating the critical properties of diaminoalkanes.
the number of carbons in a molecule. The solid line corresponds to Fqr this method, the average absolute errors are equal to 0.4 %
calculation by eq 2. for the critical temperature and akbiod % for the critical
: : . : : : pressure.

650

Literature Cited

(1) Wilson, L. C.; Wilson, H. L.; Wilding, W. V.; Wilson, G. M. Critical
point measurements for fourteen compounds by a static method and
a flow method.J. Chem. Eng. Datd996 41, 1252-1254.

(2) Nikitin, E. D.; Pavlov, P. A.; Skripov, P. V. Measurement of the critical
properties of thermally unstable substances and mixtures by the pulse-
heating methodJ. Chem. Thermodyri993 25, 869-880.

(3) Nikitin, E. D.; Pavlov, P. A.; Popov, A. P. Critical temperatures and
pressures of 1-alkanols with 13 to 22 carbon atofisid Phase
Equilib. 1998 149, 223-232.

(4) Nikitin, E. D.; Pavlov, P. A.; Skutin, M. G. Acoustic method of
measuring critical properties of thermally unstable substarida&
Phase Equilib1999 161, 119-134.

n (5) Nikitin, E. D.; Pavlov, P. A.; Bessonova, N. V. Critical constants of

Figure 2. Critical pressures ofi-diaminoalkanes NK{CH,),NH, vs the n-alkanes with from 17 to 24 carbon atoni.Chem. Thermodyn.

. 0 . 1994 26, 177-182.
number of carbons in a molecule. The solid line corresponds to calculation (6) Filippov, L. P.Podobie Soists Veshchest (Similarity of Substance

by eq 3. Propertieg; Moscow University Press: Moscow, 1978.
! (7) Brown, R. L.; Stein, S. E. Boiling point data. INIST Chemistry
parameters; andb depend on the structure of a mer but do not WebBookNIST Standard Reference Database Number 69; Linstrom,

depend on the structure of end groups. These parameters were  p. J.; Mallard, W. G., Eds.; National Institute of Standards and
determined by processing experimental data for six homologous ~ Technology:  Gaithersburg, MD, March 2003 (http:/webbook.

. . nist.gov).
series with the common formula H(GHR, where R was the (8) Nikitin, E. D.; Paviov, P. A; Popov, A. P. (Gas liquid) crit
following end groups: H (normal alkanes)q (1-alkenes), cal temperatures and pressures of polyethene glycols from
OH (1-alkanols), COCEl(2-alkanones), CO&ls (3-alkanones), HOCH,CH,OH to H(OCHCHy),~13 20H. J. Chem. Thermodyi995

- i 27,43-51.
and COGHy (4-alkanones). These homologous series were (9) Nikitin, E. D.; Pavlov, P. A. van der Waals chain-molecule fluid in

chosen because their critical properties were studied most fully. ™ selt.consistent field approximation: some thermal properttigh
The proposed equations allow predicting the critical tempera- Temp.200Q 38, 690-697.

tures or pressures of any member of a homologous series with(10) aRneci‘de% Cds z:guesé‘itzl\vﬂic '\fa SE‘?IVIW(”\IOS’ T\-("(')?E 'T&F’?”ies of Gases
; " iqui N w-Hill: W , .
the common formula RCHz)nR if the critical temperature (11) Nikitin, E. D.; Popov, A. P.; Bogatishcheva, N. S.; Yatluk. Y. G.

Te(K)/pressure(k) of one substance, which belongs to this series Vapor—liquid critical properties oir-alkylbenzenes from toluene to
are known. 1-phenyltridecanel. Chem. Eng. Dat2002 47, 1012-1016.

For diaminoalkanes, the base poknwas taken equal to 6 (12) Nikitin, E. D.; Popov, A. P.; Bogatishcheva, N. S. Critical point

. . T ’ measurements for five-akylcyclohexanes (£to Cig) by the pulse-
F(_)r_ this point the experimental and the calculated values of the heating MethodJ. Chem. Eng. Dat2003 48, 1137-1140.
critical properties are absolutely equal. Tables 3 and 4 show (13) Nikitin, E. D.; Popov, A. P.; Bogatishcheva, N. S.; Yatluk. Y. G.
that eqs 2 and 3 predict the critical constants of diaminoalkanes bccr)')t(')fli ;i?&ge(g%r? ;anf (p:rﬁsriufgﬁgOstggggZahga';‘sslfgfggg dicar-

. . . - 14). J. . . y .

We”_enOUQh' Itis well FO bear in r_n_'nd that the_se equations Wefre (14) Joback, K. G.; Reid, R. C. Estimation of pure-component properties
designed for calculating the critical properties of long-chain from group-contributionsChem. Eng. Commun987, 57, 233-243.
molecules. So it is not surprising that the maximum discrepancy (15) Constantinou, L.; Gani, R. New group contribution method for
between the experimental and calculated values of the critical ~ Stimating properties of pure compound$ChE J.1994 40, 1697~

temperature and pressure is observed for 1,2-diaminoethane ( (16) Marrero, J.; Gani, R. Group-contribution based estimation of pure

= 2). The critical temperatures and pressuresrafiamino- component propertieg:luid Phase Equilib 2001, 183-184, 183
in Ei i i ; 208.
a}lkanes are shown in Figures 1 .and 2: The solid lines in these(17) Nikitin, E. D.; Pavlov, P. A.; Bogatishcheva, N. S. Critical properties
figures are the result of Calcu'f”‘t'o_n using egs 2 and 3. of long-chain substances from the hypothesis of functional self-
The well-known group-contribution methods by Joback and similarity. Fluid Phase Equilib2005 235, 1-6.

Reid!4 Constantinou and Gaht,and Marrero and Gati give

the _C”t'ca' temperatures  that gre on average lower by ap- Received for review October 14, 2005. Accepted November 29, 2005.
proximatey 3 % than the experimental values (see Table 2). This study was supported by the Russian Foundation for Basic Research
For the critical pressure, the method of Constantinou and Ganiunder Grant 04-02-16111a and the grant of the President of the Russian
works better than the methods by Joback and Reid and MarreroFéderation NSh-905.2003.2.

and Gani. JEO050424E



