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Correlation for the Vapor Pressure of Heavy Water From the Triple Point
to the Critical Point

Allan H. Harvey ® and Eric W. Lemmon

Physical and Chemical Properties Division, National Institute of Standards and Technology, 325 Broadway, Boulder, Colorado 80305

(Received 30 June 2001; revised manuscript received 15 October 2001; published 5 March 2002

A new formulation has been developed to represent the vapor pressure of heavy water
(D,0O) from its triple point to its critical point. This work takes advantage of several
developments since the publication of the best previous formulation: the availability of
some new data in the lower part of the temperature range, the adoption of the ITS-90
temperature scale, and the adoption of recommended values for the critical constants by
the International Association for the Properties of Water and St@ARWS). The new
formulation fits the available data within their scatter across the entire temperature range,
and is constrained to pass through the values recommended by IAPWS for the critical
point. The previous formulation can be made to provide a similarly good fit if its input
temperatures are converted from ITS-90 to IPTS-68 before the vapor pressure is com-
puted. The new formulation offers the advantage of computation without having to per-
form a temperature conversion. @002 American Institute of Physics.
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1. Introduction

Heavy water (DO) is a fluid of some industrial impor-
tance and much scientific interest. In 1979, Hill and
MacMillan® published what was then the definitive correla-
tion for its vapor pressure from the triple point to the critical
point.

Subsequent advances include: new measurements of dif-
ferential vapor pressures between, and ordinary
water’~#a determination of the vapor pressure ofDat its
triple point? and the adoption of recommended values for its
critical constants by the International Association for the
Properties of Water and Stea(APWS).%7 In addition, a
new representation of the thermodynamic temperature scale,
known as ITS-9¢ was adopted as an international standard
in 1990. A standard correlation for the vapor pressure of
ordinary watet has been produced on ITS-90. The object of
this work is to produce a similar equation for, O, taking
into account the new data.

2. Data Sources

Hill and MacMillan® analyzed the data published up to
1979. They make a case for discarding sevéaradstly pre-
1955 data sets; we followed their judgment here. Table 1
lists the sources of data included in our study.

Oliver and Grisarf reported differences in saturation
temperature between,D and HO at the same pressure. We
followed Hill and MacMillant in discarding their data above

dauthor to whom correspondence should be addressed; electronic mai§68 °C. since Oliver and Gris EQI onsidered these pOiI’ltS to
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ward the accepted critical point. In order to convert these
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174 A. H. HARVEY AND E. W. LEMMON

TaBLE 1. Data sources for JID vapor pressures function of temperature. We calculatgr{H,0) from the
No. of points same expression of Goffthat they usedat the reported
considered temperaturgin order to convert that ratio back to a vapor—
Reference Year (Used Toin/K Tra/K pressure difference. While the paper of Pupeziral. says
Oliver and Grisartf 1956 3232) 48137 63903 (he temperatures are on the IPTS-68 scale, the temperature
Rivkin and Akhundo?? 1962 g88) 54820 63815  calibration is that described in an earlier paper by Jancso
Zieborak* 1966 1616) 35481 49416 et al,*® which actually corresponds to the IPTS-48 scdle.
Jones® 1968 4343) 33442 38744  The difference between the two scales is negligible for the
;'szrz'?n;'n;ﬁ?w ig;g ;éels% ggfé 357713?4171 vapor—pressure ratidd with which Pupeziret al. were con-
Besley and Bottomld§ 1973 3737) 27784 29809  cerned, but not necessarily for the absolute vapor pressures.
Jancsoand J&li® 1980 157153 280.89  361.82  This study was unique in that it reported data for the super-
Jali and Van Hook 1981 5153 280.03 36266  cooled liquid below the triple point of fD, a few of which
Marko et al? (triple pt) 1989 12) 216.967  276.967  \ere even below the triple point of J@. The latter points
Jai and Markd 1995 101109 28181 35280 \yere not included in our fit, but the points between the triple
@Seven points at higher temperatures not considered {a€fé text points of D,O and HO were included because knowledge of

b . ) -
21 points at lower temperatures not considered ifsée text : : - : f
‘Four points at lower temperatures not considered ifséie text, but shown p(DZO) in this region could be useful for work mvolvmg

in Fig. 1. H,O/D,0O mixtures.
The temperature calibration used by Pupeziral}® was
also used by Jdi and Van Hook? whose temperatures are
data to DO vapor pressures, the correlation for saturatiortherefore also on IPTS-48. Their reported valuesRoiere
pressure versus temperature giCHfrom Wagner and Pruss converted back to pressure differences with the equation for
was used. p(H,0) of Wexler and Greensp&hthat J&li and Van Hook
Zieborak! also measured isobaric differences in saturatiorused in computingR.
temperature between,D and HO. The actual data were  Janc$oand J&li® also measureg(H,0)—p(D,0). The
not reported; instead a table gives smoothed @streted to  raw data are tabulated in a separate repofwo of the
be obtained from a much larger number of measuremants tabulated points are clearly typographical errors; these points
10 K intervals ranging from 80 to 220°C. We use thesewere discarded since the correct values could not be recov-
values in our fit. The paper also locates the temperaturered. The temperature measurement of JaacsbJéli® re-
(221.00 °C on the temperature scale in use at the)timhere  quires special comment. Their thermometer was not cali-
the vapor pressures of,@ and DO are equal; this provides brated to any temperature scale; instead it was calibrated
one more data point. The conversion of the data $®D against measurements @{H,0O), where these pressures
vapor pressures was the same as for the Oliver and Grisamdere converted to saturation temperatures by the equation of
data. This paper was evidently missed in the survey of HillGoff.}” Since the reported temperatures really correspond to
and MacMillant values ofp(H,0), it is appropriate to usp(H,O) from the
Rivkin and Akhundo¥? reported isothermal measurements Goff equation to convert the measured pressure differences
of pressure versus density at high temperatures. The flat pote p(D,0). In order to convert the reported temperatures to
tions of their isotherms indicate vapor—liquid coexistencelTS-90, we found the temperature at which the equation of
We took the coexistence points from the original isothermsVagner and Prussgives the same vapor pressure as that
(Table 2 of their papgrrather than the values from their given by the Goff equation at the temperature reported in the
Table 1, which reports values adjusted to integer Celsiupaper.
temperatures. Similar measurements were reported biliJand Marka*
Jone$® and Liu and Lindsa¥ reported vapor—pressure The data were not tabulated in the paper, but valués thiat
differences[ p(H,0)—p(D,0)] at various temperatures. In had been derived from the measurements were supplied by
these and other cases where vapor—pressure differences werge of the author® Their temperature calibration was also
reported, we obtaine@(D,0) by adding the difference to indirect, identical to the procedure used by Jarmso Jali.
p(H,O) computed from the correlation of Wagner and The data were therefore handled as described above. Because
Pruss, after converting the reported temperatures to thehese data have not been published, we tabulate them here
ITS-90 scale. Since the scatter of the Jones data at low temwith the permission of the authors so that they will be avail-
peratures is much greater than that of several more receable for future workers. Table 2 showsH,0)—p(D,0)
low-temperature studies, we only included his data abovéconverted back to this measured quantity from the values of
330 K. R supplied by the authors with the equafibnsed to calcu-
Besley and Bottomléy made direct measurements of late p(H,O) in the original worf as a function of tempera-
p(D,0) at low temperatures; no additional processing ofture, with the temperatures converted to ITS-90.
these data was needed except for the correction of the re- All temperatures were converted to the ITS-90 scale using
ported temperatures to 1TS-90. standard procedures. In some cases the purity was reported,
Pupezinet al1® measured vapor—pressure differences, buand a small correction based on Raoult’s law was applied as
they reported values of the ratR=p(H,0)/p(D,0) as a in previous work to correct the data to 100%,D. Some
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TaBLE 2. Vapor—pressure differences derived from unpublished data measured in connection with the work of
Jali and Marka? Temperatures have been converted to ITS-90 and valuBsaoinverted to vapor—pressure
differences as described in the text

T/IK p(H,0)—-p(D,0)/kPa T/IK p(H,0)—-p(D,0)/kPa T/K p(H,0)—-p(D,0)/kPa

281.511 0.1841 304.758 0.5821 327.159 1.4139
281.939 0.1882 305.251 0.5965 328.158 1.4639
285.155 0.2248 307.239 0.6514 329.661 1.5429
285.652 0.2304 307.239 0.6506 329.661 1.5414
285.652 0.2302 308.728 0.6941 331.168 1.6248
285.660 0.2307 308.766 0.6946 332.169 1.6804
287.425 0.2532 309.722 0.7217 332.169 1.6809
288.121 0.2620 309.741 0.7226 332.169 1.6769
288.611 0.2689 310.713 0.7549 334.670 1.8315
289.606 0.2837 311.216 0.7704 334.670 1.8257
289.900 0.2876 312.207 0.8021 334.771 1.8243
289.900 0.2868 312.236 0.8011 335.265 1.8639
290.396 0.2949 313.833 0.8578 335.366 1.8640
291.378 0.3102 314.692 0.8856 337.175 1.9797
291.378 0.3104 314.692 0.8852 337.175 1.9731
291.378 0.3098 317.187 0.9764 338.476 2.0520
292.374 0.3264 317.187 0.9758 339.684 2.1379
292.374 0.3252 317.238 0.9814 339.684 2.1305
293.455 0.3437 319.682 1.0754 340.180 2.1829
293.455 0.3433 319.815 1.0789 342.183 2.3169
294.345 0.3598 321.273 1.1423 342.183 2.3003
294.839 0.3674 321.273 1.1423 342.687 2.3428
295.388 0.3780 322.174 1.1792 344.695 2.5000
297.320 0.4153 322.174 1.1792 344.695 2.4775
297.984 0.4283 322.174 1.1834 344.755 2.5086
298.901 0.4463 323.173 1.2238 347.209 2.6774
299.304 0.4564 323.665 1.2471 347.209 2.6774
299.797 0.4675 324.169 1.2714 347.233 2.6732
299.797 0.4663 324.600 1.2927 349.722 2.8703
300.292 0.4769 324.663 1.2931 349.759 2.8708
300.292 0.4766 325.170 1.3182 352.298 3.0795
301.778 0.5102 326.167 1.3645 352.397 3.0834
302.271 0.5229 326.668 1.3900 352.496 3.0872
302.271 0.5218 327.159 1.4139

3See Jali.*??

authors made this correction before reporting the data; imight approach would be to correlgi¢D,0) directly. On the
these cases we accepted the numbers as reported. other hand, if all the data were of the vapor—pressure differ-
In addition, some data have recently become available ognce p(H,0)—-p(D,0), one might prefer to correlate that
the derivatives ofp(D,0O) with respect to temperature. A (difference (or perhaps the vapor—pressure rap so that
direct measurement ofpdD,0)/dT at approximately the any improvement in the knowledge pfH,O) would auto-
critical temperature was reported by Polikhroniefi al?® matically improve values op(D,O). Here, we have some
Their value was 0.276 MP& ~*; the uncertainty is approxi- gata of each type, so either approach would require recalcu-
mately 5%’ Additional measurements by the sameation of some datdand, in principle, refittingif better val-
author$® of the isochoric heat capacity in the two-phase ré-yes ofp(H,O) were obtained. We chose to fi(D,0) di-
gion were processed according to the Yang—Yamglation rectly, so that the intermediate step of calculatinigd,O)
o yield values of the second derivativépdD,0)/dT% Po-  \youid not be necessary in order to compp{®,0). Those
likhronidi et al* also show graphically values of interested in the vapor—pressure difference or in the Rtio
d*p(D,0)/dT? extracted in the same manner from the Mea-y;j need to use a correlation fqu(H,0): to be consistent

.27 H :
surements of Mursaloet al,”" we obtained the numerical \yith this study they should use the correlation of Wagner and
data from one of the authofé These second derivatives are Prus<

estimated to have an uncertainty of 16%. The fit was constrained to the ITS-90 values of the critical
N temperature and pressure of,@ (T,=643.847 K, p.
3. Fitting Procedure =21.671 MPaas adopted by IAPWSInitially, we also at-

tempted to constrain the fit to reproduce the value of 659.3
There are two reasonable ways to correlatg®ODvapor Pa obtained at the triple poirf276.97 K, which becomes
pressures. If all the data were measuremengs(B5,0), the  276.967 K on ITS-9D by Marko et al®> However, as ex-
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plained below, this made it impossible to fit the vapor- TaLe 3. Coefficients for Eq(1)
pressure data at temperatures near the triple point. Since
these vapor pressures came from two independent

i a;

studiest>® we could not justify ignoring them in favor of 1 —7.896 657
one triple-point value. We therefore did not fix the triple- g _;j;ffgg
point pressure, but included the value of Mar&bal® as 4 93550913
another vapor—pressure point in the fit, with a relative weight 5 —-9.220083

of 3 (since it is stated to be the average of three measure=
ments.
We minimized the sum of squares of the relative devia-

tlogsobetév een calﬁulacied a;q (Ij:, expe rlrrgn:]al values O(fand MacMillan used the IPTS-68 temperature scale and we
p(D;0). Because the data of Pupezmal. ave more are considering data on ITS-90. We can, however, produce a
scatter than dp Othef Iow-temperatu.re data, those points wefg jifie equation, compatible with ITS-90, by converting

given a relative weight of 0.5. Points above 400 K Wereirlput temperatures in ITS-90 back to IPTS-68 by using the

given Iarger relative weights in order to keep the_ large NUM5tandard conversion equatiBrbefore putting them into the
ber of points at low temperatures from dominating and dis-

. . S S equation of Hill and MacMillan. In the following compari-
torting the fit; the extra weight is also justified by the smallerSons we show both of these approaches
scatter (in terms of relative deviationthese data display Fidure 1 shows the deviations of the déta from Eig.in
Comgared o thezlow-temperature dat.a. The .Calori.metric datﬁ’le range from 270 to 290 K. It is apparent that the triple-
for d p(.DZO)/dT were not _mcludgd in the f.'t’ their agree- point measurement of Market al® cannot be reconciled
ment with the correlation will be discussed in Sec. 4.

. i . . with the nearby vapor—pressure data of Besley and
The fit was performed repeatedly, with outliers dlscardedsottomle);s and Pupezinet al’® Since these two vapor—
Outliers were identified by plotting the data and :

. o . |Qent|fy|ng pressure studies are in fair agreement with each dthler
points deviating from th? fit by more_than apprommately athough there is more scatter in the data of Pupezmd
factor of 2 compared V\.”th the remaining p0|_nts at nearloysince their data also blend smoothly into the three additional
temperatures. Table 1 lists the number of points from eaddata sefs* that begin at temperatures near 280 K, forcing

study cc_madered and the ”“”.‘b?r used in the final fit. the correlation to pass through this triple-point measurement
The fitting procedure was similar to that used by Wagner

would not be justified. At the higher temperatures in this
and Erus%for p(H0). In[p(DZO)/pC] was expressed as a range, we have five studies in mutual agreement within a
function of 7=1—T/T.. The equation was structurally opti-

ized b lecti ith ‘ ded h scatter of approximately 0.2%, although some systematic dif-
mized by selecting terms with powers efrounded to the ferences between individual sets are visible. We defer further

nearest tenth, with terms added until the addition of MOr€jiscussion of these data sets until we consider the next
terms did not significantly improve the fit. higher temperature range

A;l'ng.l constraint (f)nﬂ':he B waz tge Fhefra'glcally(l)e/);g_(gcted Figure 1 also shows data of Pupezhal = below the
weak divergence of the second derivativep(D,0) triple-point temperature. These data for supercoole®,D

near the critical point” This derivative dlvgrges as -, especially those below the triple point of ordinary water
yvhere tzge currently accepted value of the cr|t!cal expoment (which were not included in the jitshow a small positive
's 0.L1:% In order to produce the corrgctgdlvergzence, thegeviation from the trend of Ed1). Not shown in Fig. 1 are
equation was required to have terms with® and 7°. the measurements @{(D,0O) for the supercooled liquid by
Kraus and Greet! Their datalwhich were not used in fitting
4. Results Eq. (1)] scatter within about 1% on either side of EH@),
with somewhat more of the points lying below our correla-
. . . tion. Bottomley? measured the difference in vapor pressure
While a four-term equation was able to fi{D0) over between supercooled,D and solid DO in this region; un-

most of the range, it was not quite able to reproduce th?
. . . : ortunately, the lack of accurate knowledge of the vapor pres-
high-temperature data. A five-term equation provided an ex-

cellent fit all the way from the triple point to the critical sure of DO ice Ilmlts the utility of these data fqr computing
. ! L supercooled liquid vapor pressures. Approximate calcula-
point. The final equation is

tions using the measurements of Pupeeiral!® for the
IN[p(D,0)/pe]=(T/T)(a;r+a,7+8° vapor—pressure difference between soliDland liquid and
solid H,0O indicate reasonable consistency between the data
of Bottomley and Eq(1). Because of the lack of precise data
The coefficients for Eq(l) are listed in Table 3. for supercooled liquid PO, we conclude that Ed1) is con-
Before comparing Eq(l) with the experimental data, we sistent with the experimental data when extrapolated down at
briefly mention how we will compare it to the formulation of least as far as 270 K, but that there is substantial uncertainty
Hill and MacMillan! The most straightforward approach is in this region.
to compute the vapor pressure directly from the equation The ITS-90 version of the equation of Hill and MacMillan
given in that paper. This will introduce some error, since Hillfits the data in Fig. 1 approximately as well as Ef. This

|16

+a3'72+ a47'3+ a57'3'6). (1)
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Fic. 1. Deviations from Eq(1) for 270—290 K.

is not surprising, since both the data of Besley and At the temperatures represented in Figs. 2 and 3, the cor-
Bottomley*® and of Pupeziret all® were used by Hill and rection for temperature scale to the equation of Hill and
MacMillan® in their fit. The difference between the modified MacMillan' begins to be important in comparison to the scat-
and original Hill equations is small in this region because theer of the data. The ITS-90 version of their equation follows
difference between the ITS-90 and IPTS-68 temperaturé¢he higher-pressure trend mentioned in the previous para-
scales is smallpassing through zero at 273.16.K graph; this is not surprising since the main sources of data
Figures 2 and 3 cover the regions 290—330 K and 330-for Hill and MacMillan in this region were Jones and Pu-
375 K, respectively. At these temperatures, the main sourcgsezinet al. It is in good agreement with one of the sets of
of data are four studiés*®from overlapping groups of in- data published since thérhut not with the other two® nor
vestigators using the differential vapor pressure techniquawith the older data of Zieborakthat were not considered by
The three more recent studfe$ all exhibit good internal  Hill and MacMillan.
consistency; the systematic differences among tk@mthe Figure 4 covers the region from 360 K to the critical tem-
order of 0.1% most likely reflect different methods of perature(signified by a dashed vertical lineEquation(1)
calibration?” The data of Jdi and Van HooK and Jancso fits all the data to within better than 0.05% over most of this
and J&li® tend to fall slightly below Eq(1), while the data temperature range. At the lowest end of this range,(Eqjs
of J&li and Markd' fall somewhat above it, as do most of the systematically lower than the data of Jofh&but data from
more-scattered data of Pupezinal® There is no definitive other sources near 360 K are mostly lower than those of
way to judge which trend is correct, although at the lowestlones. Equatiofil) goes through the IAPWS-accepted criti-
temperatures in Fig. 2 we see that the independent data ¢l point, as it was constrained to do.
Besley and Bottomléy are in agreement with the lower In this range, the original equation of Hill and MacMilfan
trend. At the higher end of the temperature range shown irlearly produces unacceptable results. The modified equation
Fig. 3, the data of Zieborakcome closer to the lower trend on the ITS-90 basis is consistent with all the data, except at
(and very close to our correlatipnwhile the data of Joné$  the low-temperature end of the figure where it passes through
show better agreement with the upper trend. Until more prethe data of Jones and misses the Zieborak data and the more
cise measurements are made in this range, this inconsistenmgcent data near 360 K. The modified equation does not pass
will remain unresolved. through the IAPWS critical point; the difference is approxi-
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Fic. 2. Deviations from Eq(1) for 290-330 K.

mately equal to the uncertainty of 0.01 MPa assigned to thequation of Hill and MacMillan, which yields results similar
IAPWS value. to Eq.(1). Values from the original Hill-MacMillan equation
We compare our results to the calorimetric d&fd for  differ negligibly from the ITS-90 versiorexcept extremely
d’p(D,0)/dT? in Fig. 5, where one can see the beginningsclose to the critical poinf so they are not shown in the
of the weak critical divergence. Equati¢h) (and therefore figure.
the underlying vapor—pressure datgrees well with the Finally, our value of ¢(D,0O)/dT at the critical point is
data of Mursalovet al?’ Agreement is only fair with the 0.266 MPaK !, in agreement with the value of 0.276 mea-
derivatives obtained by Polikhroniét al?® For most points  sured by Polikhronidit al?® within its experimental uncer-
we are within their stated experimental uncertainty of 10%tainty.
but there seems to be a systematic difference in the trend of
the data. It was not possible to significantly improve the ) )
agreement of Eq(1) with these second-derivative data with- 5. Uncertainty of the Fit
out making the fit of the high-temperature vapor—pressure
data much worse. We note that a slight upward adjustment of While a formal uncertainty analysis is impractical for a
the critical pressure in Eq1) (by an amount smaller than the correlation fitted to a variety of data such as this, we can
uncertainty inp.) would somewhat improve the agreement make reasonable estimates of the quality of the correlation.
with the data of Polikhronidet al?® at higher temperatures At low temperatures, the inconsistency between a careful
(above about 630 Kwithout harming the fit of the vapor— triple-point measurement and the surrounding vapor—
pressure data, but the disagreement at lower temperaturpsessure measurements is troubling. Maetal® note this
would remain. We also note that one would expect values oinconsistency in their triple-point paper, but have no defini-
d’p(D,0)/dT? to be very similar(at the same reduced tem- tive explanation. While it is possible that the inconsistency
perature to those evaluated from the vapor pressure gOH arises from systematic errors in the vapor—pressure measure-
(which is known with more certainfy We find good agree- ments, this is made less likely by the existence of two inde-
ment between the two, lending further support to the secongendent studie¥;'®one by an absolute method and one by a
derivatives of Eq(1). differential method, both of which disagree with the triple-
Figure 5 also shows?@(D,0)/dT? from the modified point measurement. We therefore conservatively estimate the
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Fic. 3. Deviations from Eq(1) for 330-375 K.

uncertainty inp(D,0) near the triple point as approximately higher temperature or stops at a slightly lower temperature;
0.3%. this is not relevant for our purposes. The second component
At somewhat higher temperatures, between about 280 arlg an absolute uncertainty of 0.1 MPa, which is 0.046% of
360 K, there are four data sé&t§*%of fairly high quality and  Pc- It is therefore reasonable to assign an uncertainty of
internal consistency, and a fifthin the low-temperature por- 0.05% to the entire high-temperature range.
tion of this range. These exhibit systematic deviations from One additional source of uncertainty @D,0) is the va-
one another on the order of 0.1%, and are all fitted to withirpor pressure of ordinary water, where the equation for
that amount by Eq(1). It would be tempting to consider P(H,O) of Wagner and Pru$svas used to convert differen-
0.1% to be the uncertainty in this range, but because théal measurements tp(D,0). Wagner and Pruss refer to
triple-point measurement disagrees with E#). by almost ~another documefit that contains uncertainties ip(H,0)
0.3%, an uncertainty of 0.1% could be considered overlyconsidered to be identical to those of their correlation. These
optimistic in the lower portion of this range. uncertainties are near 0.025% at most temperatures, with
At temperatures above 360 K, the available data are fitte§gomewhat smaller uncertainties near the triple point and the
within 0.05% across the whole range. For almost all of thishormal boiling point. This is small compared to the scatter of
region, independent investigations agree closely, lendinghep(D,O) data at low temperatures, but is significant at the
more confidence to the results. The only significant discrephigher temperatures shown in Fig. 4. Of the high-
ancy is in the region between about 360 and 390 K, wheréemperature data sources, Oliver and Grisdrglieborak;*
the data of Liu and Linds&§ and those of Joné$follow a  and Liu and Lindsa¥? all made differential measurements
higher trend, while the data of Zieborfdkiollow a lower and therefore are subject to this additional uncertainty. The
trend that joins more smoothly with the data from studies agbsolute measurements of Rivkin and Akhundoare not

lower temperatures. affected.
At high temperatures, we must also consider the uncer- _
tainty in the critical pressur@. to which Eq. (1) is con- 6. Conclusions

strained. There are two components to this uncertdifitye
first is proportional to the uncertainty ify, representing the We have converted to the ITS-90 temperature scale all
effect onp, if the vapor—pressure curve extends to a slightlydata included in the previous formulatiofor p(D,0), plus

J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002



180 A. H. HARVEY AND E. W. LEMMON

0.1

Percent Deviation in Vapor Pressure

AN
N\
A AN
AN
5 ° N \
N -
—
_0.1||IIIIITI_—TIIII|IIIIIIIII|IIII|III||1I
360 400 440 480 : 520 560 600 640
Temperature (K)

O Jakli and Van Hook? O Jancs6 and Jakli®

* Jones' ¢ Liu and Lindsay'

™ Oliver and Grisard" & Pupezin et al'®

v Rivkin and Akhundov*? > Zieborak'!

N Critical point®’ Hill and MacMillan' (ITS-90)

~ — Hill and MacMillan' (original)

Fic. 4. Deviations from Eq(1) above 360 K.

one set of data that was missed in the previous work, and critical point, although the difference is similar to the uncer-
some new dafa® reported since that correlation was pub- tainty of p.. An advantage of Eq(1) is that it allows accu-
lished. The current standard vapor—pressure equation for orate values ofp(D,0) to be calculated directly without re-
dinary watet was used to convert differential measurementsquiring any temperature conversions.
where appropriate. Equatidi) was fitted to these data and  The vapor pressure is not known as accurately as that of
constrained to pass through the coordinates recommended bydinary water; this is especially the case at lower tempera-
IAPWS for the critical point of BO. The uncertainty in tures. The greatest reduction in uncertaintyp¢b,0) could
p(D,0) as given by Eq(1) is conservatively estimated at be accomplished by an independent, precise determination of
0.3% near the triple poirlbecause of a discrepancy betweenthe triple-point pressure of . Good measurements at tem-
vapor—pressure measurements and a measurement of theratures between approximately 300 and 370 K could re-
triple-point pressure and decreases gradually to approxi- solve the systematic discrepancies among data sets observed
mately 0.05% at the critical point. Extrapolation to super-in that region.
cooled liquid states below the triple point 0O appears to
be reasonable, based on the limited data available.

The equation of Hill and MacMillan,as published, does 7. Acknowledgments
not adequately describe these data, especially at high tem-
peratures, because it is based on the IPTS-68 temperatureThis work was greatly aided by Gy.klaand G. Jancso
scale. However, if one converts temperatures from ITS-90 tevho supplied data that had not been tabulated in publications
IPTS-68 before using their equation, it describes the datand who patiently answered questions about experimental
approximately as well as Eql). This modified Hill- details. We note that in the References section, we spell their
MacMillan equation does differ from Ed1) in the range names as printed on the title page of the cited article; in some
from 300 to 370 K where new data now exist, but it is notcases the journal omitted diacritical marks. We thank |. M.
clear which is better because of systematic differenceé\bdulagatov for supplying calorimetrically derived values of
among data sets. The ITS-90 modification of the Hill-the second derivative of the vapor pressure. J. V. Sengers, J.
MacMillan equation also does not pass through the accepteld. H. Levelt Sengers, and M. A. Anisimov clarified the be-
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havior of the vapor—pressure curve near the critical point’J. A. Goff, in Humidity and Moisture edited by A. Wexler and W. A.
We also benefitted from input from W. A. Van Hook and P. Wildhack (Reinhold, New York, 196p Vol. 3, p. 289.

G. Hill. M. Salehi assisted with data entry.

8. References

Ip. G. Hill and R. D. C. MacMillan, Ind. Eng. Chem. Fundah®, 412
(1979.

2Gy. Jakli and W. A. Van Hook, J. Chem. Eng. D@8, 243 (1981).

3G. Jancs@nd Gy. Jhli, Aust. J. Chem33, 2357(1980.

4Gy. J&li and L. Marka ACH—Models in Chemistryl33 225 (1995.
5L. Marko, Gy. J«li, and G. Jancsal. Chem. Thermodyr21, 437(1989.

6J. M. H. Levelt Sengers, J. Straub, K. Watanabe, and P. G. Hill, J. Phys.

Chem. Ref. Datd 4, 193(1985.

8G. Jancso, J. Pupezin, and W. A. Van Hook, J. Phys. Ch&n2984
(1970.

19G. Jancsdprivate communication, 2001

20A. Wexler and L. Greenspan, J. Res. Natl. Bur. Statih, 213(1971).

21Gy. J«&li and H. llly, Vapour Pressure Isotope Effect of the Equimolar
H,0-D,0 Mixture, KFKI Report 1980-15, Hungarian Academy of Sci-
ences, Budapest, 1980.

22Gy. J&li (private communications, 2001

ZN. G. Polikhronidi, I. M. Abdulagatov, J. W. Magee, and G. V. Stepanov,
Int. J. Thermophys22, 189 (20012).

24|, M. Abdulagatov(private communication, 2001

2N. G. Polikhronidi, I. M. Abdulagatov, J. W. Magee, and G. V. Stepanov,

Int. J. Thermophys(submitted 2001

26C. N. Yang and C. P. Yang, Phys. Rev. L8 303(1964.

7 : - '
International Association for the Properties of Water and Steam, Relea :
P S@78. A. Mursalov, |. M. Abdulagatov, V. I. Dvoryanchikov, A. N. Kamalov,

on the Values of Temperature, Pressure and Density of Ordinary and

Heavy Water Substances at Their Respective Critical PointRhisical
Chemistry of Aqueous Systems: Meeting the Needs of Indistigeed-

ings, 12th International Conference on the Properties of Water and Steam

and S. B. Kiseley, Int. J. Thermophy20, 1497(1999.
M. Ley-Koo and M. S. Green, Phys. Rev.28, 2650(1981).
29M. A. Anisimov and J. V. Sengers, iBquations of State for Fluids and

edited by H. J. White, Jr., J. V. Sengers, D. B. Neumann, and J. C. Bellows Fluid Mixtures edited by J. V. Sengers, R. F. Kayser, C. J. Peters, and H.

(Begell House, New York, 1995p. A101.
8H. Preston-Thomas, Metrologv, 3 (1990.
SW. Wagner and A. Pruss, J. Phys. Chem. Ref. 2&a783(1993.
10G. D. Oliver and J. W. Grisard, J. Am. Chem. S@8, 561 (1956.
K. Zieborak, Z. Phys. Chen231, 248 (1966.
123, L. Rivkin and T. S. Akhundov, Teploenergeti@é5), 62 (1962.
BBW. M. Jones, J. Chem. Phy48, 207 (1968.
14C.-T. Liu and W. T. Lindsay, Jr., J. Chem. Eng. Daf 510(1970.
151, Besley and G. A. Bottomley, J. Chem. Thermodgn397 (1973.
16]. Pupezin, Gy. Jakli, G. Jancso, and W. A. Van Hook, J. Phys. Chgm.
743(1972.

J. White, Jr.(Elsevier, Amsterdam, 2000p. 381.

30R. L. Rusby, J. Chem. Thermody®3, 1153(1997).

31G. F. Kraus and S. C. Greer, J. Phys. Ch&8).4781(1984.

32G. A. Bottomley, Aust. J. Chen81, 1177(1978.

33|nternational Association for the Properties of Water and Steam, Release
on the Skeleton Tables 1985 for the Thermodynamic Properties of Ordi-
nary Water Substance. BRhysical Chemistry of Aqueous Systems: Meet-
ing the Needs of Industr§Proceedings of the 12th International Confer-
ence on the Properties of Water and Stgasdited by H. J. White, Jr., J.
V. Sengers, D. B. Neumann, and J. C. BelloiBggell House, New York,
1995, p. Al13.

J. Phys. Chem. Ref. Data, Vol. 31, No. 1, 2002



