METADATA AND NUMERICAL DATA CAPTURE:
Speed of Sound

(2 - Components)

Guided [ata
Capture (GDC)

This tutorial describes
METADATA AND NUMERICAL DATA CAPTURE:

for 2-components
Speed of Sound
with the Guided Data Capture (GDC) software.




NOTE:

The tutorials proceed sequentially to ease the
descriptions. It is not necessary to enter all
compounds before entering all samples, etc.

Compounds, samples, properties, etc., can be
added or modified at any time.

However, the hierarchy must be maintained
(i.e., a property cannot be entered, if there is no
associated sample or compound.)




The experimental data used in this example 1s from:

312 J. Chem. Eng Data 2000, 46, 312-316

Temperature Dependence of Densities and Speeds of Sound of

Nitromethane + Butanol Isomers in the Range (288.15-308.15) K

Jacobo Troncoso, Clara A. Tovar, Claudio A. Cerdeirina, Enrique Carballo, and Luis Romani®
Departamento de Fisica Aplicada, Universidad de Vigo, Facultad de Ciencias del Campus de Ourense,

32004 Ourense, Spain

Densities and speeds of sound of the systems nitromethane + 1-butanol, nitromethane + 2-methyl-propan
| -ol, and nitromethane + 2-butanol were measured in the temperature range (288.15—308.13) K. Excess

molar volumes are discussed and compared with those of other systems polar fluid + alcohol founded in

the literature.



Speeds of Sound for the binary system
2,2,2-trifluoroethanol + quinoline

at p =101.3 kPa and various temperatures

Tahle 3. Selected Data of Densities p and Speeds of Sound o for the Studied Mixturass

plgrem d wmes!
X 2BR.15 K 203,15 K PORISK  30315K 30815 K 2RB.15 K 20315 K PORIAK 30315 K 30815 K
x Mitromethane + (1 — 1 1-Butenal

0.056 70 0. 82000 0.816 09 081208 0.808 05 1255 86 123854 1221.53 1205.03
0.103 78 082025 0.825 17 0821 04 0.81G 88 125512 1238.01 1220.76 120396
0.197 35 0. 84872 0.844 44 0840 02 0.835 GG 1254 .38 1236.86 1218.87 120262
0.290 57 0.arolz 0.8G5 G2 (.860 99 (0.85G 34 1253 .87 1236.36 1219.03 1201.74
02346 86 0. 88404 0.879 43 087478 0.870 13 1254 .30 1237 .41 1218.50 1202.14
0425 a1 0. 90500 0.900 05 0.895 04 0.890 00 125382 123696 1219.93 1203 02
0.482 52 092115 0.916 0l 0alosl 0.905 G2 1254.03 1237.24 1221.17 1204.63
0.524 56 0. G3300 0.928 G1 0923 30 0.917 98 125568 1238.16 1222.092 1206.35
0.550 40 0.94502 0.930 53 0934 24 0.0928 78 125676 1240.56 1224 .36 1208, 18
0587 64 095421 0.948 732 0.943 20 0,937 7 1257.08 1241.01 122521 1209.97
0.GRO 00 0. 98006 0.984 27 0978 52 0.a72 12G7.10 1251.14 123551 121922
0.750 78 1.01304 1.008 OF 1.002 18 0. 996480 1277.35 1260.38 1244 .30 1227.41
0.852 46 1.05815 1.051 &89 1.045 58 1039 26 1300.15 1282.17 126412 1245.13

0.946 35 1.10580 1.089 35 1.092 B& 1.08% 02 1326.53 1307.10 1287.76 1 268.97

This data set is
considered here.




Experimental Method Info:

Densities p and speeds of sound u of the pure components
and of the binary mixtures were measured using a DSA-
48 densimeter and sound analyzer. This apparatus, con-
e ]

The temperature
was controlled through a solid-state thermostat that uses

the Peltier effect, and the precision in the temperature was
+0.005 K. The precision is estimated to be about £2 5 |0~
for mole fraction x, £1 = 10°° g=em ® for p, and £0.02 m-s

|
for o,




m,. Guided Data Capture - Thermophysical and Thermochemical Data
File Edit Tools Help

Reference Cormpaund Sarnple [Miwkure F'ru:uperl:';.-'l Daka Tables
= E!IIEH bro boee [
= 1-butancl

- Sample 1 om,33m ne;db.my:33mE glc)
E| nitrnmethane

2. CLICK
Property

Dl 99, B gl

1. SELECT the mixture for
which the data are to be
captured.

NOTE: The bibliographic information, compound identities,
sample descriptions, and mixture were entered previously. (There are
separate tutorials, which describe capture of this information, if needed.)




=10 x|

Help

Property aroup: | B epraction: Surface tersion: and Speed of zound
Froperty: Speed of sound

. 4

Led Ledle

1. SELECT the Property Group:

Refraction; Surface tension; and
Speed of sound from the menu.

kethod of meazuizment:

2. SELECT the Property:
Speed of sound.

3. SELECT the Units: m/s, here.
SELECT ALL OTHER UNITS if
another multiplier is needed.

—_——

] Cancel




X% 1. SELECT Method of Measurement from the list

Help

ropeyd PYOVided. NOTE: Other can be a valid selection and
rropery:| Should include a brief description in the Comment field.

Uitz I'T”JE

Methad of meazurement: Sing-around technique in a fixed-path interferameter hd

Experimental purpose: | princinal obiective of the work

/_/Y

2. SELECT the Experimental
Purpose from the list provided.

Cornmment ||:| SA-48]
[optional)

3. CLICK OK

Ok | Cancel




SELECTION of # of Phases in Equilibrium and # of Constraints

m. Speed of sound {m/s) as function of 2 variable{s}

MR | bkanal + pitromethane

Fhazes in equilibrivnm; |1 - || | Conztraints: |1 fl |ndependent wanables: Ig

Fhaze of the Ploperty Walue[z] I

SELECT the # of
Constraints. There is 1
constraint in the example;
pressure = 101.3 kPa.

SELECT the # of Phases in
equilibrium. There is 1
phases; liquid.

NOTE: For “saturation
conditions, this value would be
2; liquid & gas)




. Speed of sound {m/s} as function of Z variable(s)

Mistures 4 -butanal + nitromethane

Phazes in equilibrivmm; |1 v| Conztraints: |-| vI Independent variablez: Ig Froperty zet # 1.

Phaze of the Property Y alug(z] I

Sample # m Sample # m

I " miz

Multiple samples for a given component can
be accommodated, but this is rarely needed.

— Definition of Measurement Results [Abzolute v Relative)

| ~

— Data prezentation

IE:-:perimentaI values - |

Comrments [0 ptional): |D5,.f_-.4g_|

Property and method Murnerical [ata I Cancel




. Speed of sound {m/'s} as function of 2 variable(s} = 1o x|

Mixture: I1-I:uutan0|+nitru:umethane j
Phases in equilibriumm: |-| vI Constraints: |-| vI Independent variables: |2 Property set # |-| Sample T-t|1 vl Sample #|1 v|

Precizion of the Property W alue(z)
Phase of the Property Value(s] [|iguid * mis oz
— Conztraint 1 [Fixed walue of)
I D ~| I nitz: + | Uncertainty: I =

v | 1) SELECT Liquid tfrom the list |-,
—||ndependenwariab|ez i pl’OVidEd fOl’ the Phase Of the
Property Value

o

— Definition of Measurement Results [Abzol

~

|?I

NOTE: Constraint and Independent
Variable field(s) appear automatically based on
the Gibbs Phase Rule.




Specification of constraints, constraint values, and constraint units

1. SELECT the Constraint(s) (p here) and the Independent
Variable(s) (7 and x,, here) from the lists provided.

Misture: I'I-butanc:l + nitromnethane j
Phases in equilibrium: |-| vl Conztraints: |1 v| |Independent vanables: |2 Property et # |-| Sample 11|-| vI Sample #I-l vI
Precizion of the Property Walue(s]
Phase of the Property Yaluels] [Liquid j ’7 o0z &~ mds [

Conztraint 1 [Fixed walue of]

Walue: [1071.3 Ur‘uitS:IkpEI j Urcertainty: I— =z

IF'ressure

Independent vanable 1

Llnits:IK j Uncertainty: ID.DDE =

ITemperature

Independent variable 2

U”itS:IDimensiunless j Uncertainty: IEI.EIDEIEI'I =

IMDIE fraction of nitromethane

— Definition of Measurement Resultz [Abzolute vz Relative)

| -~

— Data pre:

== 2. TYPE the Constraint Value (if required)
and SELECT Units for the Variable(s) and
Constraint(s). Include Uncertainties, if = =
—1 known.

Carnrm




Measurement definition and Data presentation

. Speed of sound {m,/s) as function of 2 variable(s) ;|g|5|
Misture:  [4-butanal + nitromethane . j

Phazesz in equilibrivm: m Caonstraints: m |ndependeant war 1 N SELECT Dl’/'ect Value (as

N ]
Phase o e Prpety Vel [ina compared with Relative Value) v

— Constraint 1 [Fized value of] ° °

[Fressa .| from the list defining the b — %
— Independent variable 1

e S« Measurement Results | — .
— Independent variable 2

IMDlE fraction of nitromethane j ':'flLiquid j U”itS:IDimensiunless j Uncertainty: IEI.EIEIEIEH =

Defintion of Measurement Results [Abzolute vz Relative]

IDirect value

Data prezentation

|E:-:|:uerimental values

here.

2. SELECT the appropriate
Data presentation

_ / method. Experimental values

Cormments [0 ptional): |Dg,-:-,,.4g_|

Property and method

| Murmerical D ata I

Cancel |

3. CLICK Numerical Data




iw. Speed of sound fm (=% ~~ fenctian af 2 yariable(s)

~. | TYPE, or much preferably,
e ==t )l PASTE the variable and
property values into the table.
See next page...

Action  Help

Table 3. Selected Data W Densities p and Speeds of Sound o for the Studied Mixtures

w'mes—1

28815 K

P
208,15 K

2BB15K 28315 303 15K 30815K  28RI15 K

x Mitromethane + (1 — &) 1-Butanaol
081208 0.808 05

293,15 K 0315 K 30815 K

0.056 70 0.82000 0.815%g 125586 123864 1221.53 1205.03

0.103 78 08258925 0.82517 gE21 04 081688 125512 1238.01 122076 120396
0.187 35 0.84872 0.844 44 0.3y 0.835 GG 1254 38 123686 1218.87 1202.62
0.280 57 0.a70lz 0.865 G2 0,850 Y5 Rt a6 34 1253 .87 1236.36 121903 1:201.74
(.2346 BG 0.88404 087943  0B74TE 0.5/ 1254 .30 1237 .41 1218.58 1202.14
042591 0.90500 0.900 05 088504  0.89000 1253 82 123696 1219.93 120302
(.48 52 092115 0.91601 081081 0.905 62 1254.03 1237.24 1221.17 1204.63
(.524 56 0.93300 0.928 61 092330 0817498 125568 12328.16 1222.92 1206.35
(.550 49 0.94502 093963 083424 092878 1256.75 1240.56 1224 .36 120818
0.587 G4 0495421 094873 084320 093771 1257.08 1241.01 1225.21 1209.97
0.GEO 09 (0. 9BO06 0.984 27 087852 087277 12G67.10 1251.14 1235.51 121922
0.750 78 101384 1.008 07 L.o02 18  0.89G 29 1277.35 1260.39 1244.30 1227.41
0.852 46 105815 1051 &89 1.045 59 1.039 26 1300.15 128217 126412 124613
(.846 35 1.10580 1.089 35 1.082 BG 1.086 02 1326.53 1307.10 1287.76 126897




. Speed of sound {m,;s) as function of Z variable(s) =10 x|
File Edit Action Help
War 1 'ar 2 | Property |
1 29315 0.05670 1255.86
2 29315 0.10378 126612
3 29215 0.19735 125438
4 29315 0.29057 1253.87
5 29315 0.34686 1254 30
B 29315 0.42591 125382
i 29215 0.48252 1254.03
g 29315 0.52456 1255.68
3 29315 0.55949 1256.76
10 29315 0.557E4 1267.09
11 29215 0.52909 126710
12 29315 0.75078 127735
13 29315 085246 13 Table 3. Selected Data of Densities p and Spe
14 29315 0.94E35 13 pigrem i wimes~1
15 29815 0.05670 13 x 28815 K 29315 K 298 15K 30315K 308.15K S 208 15K 30315 K 30815 K
15 296,15 010378 14 0.056 70 082000  0.81600 xurgfrzugsﬁhagesn_s%f * I Butand 125586 122864 122153 1205.03
17 23815 019735 14 0103 78 DR2025 082517 082104 081688 1255.12 123801 122076 120396
18 298 15 0. 29057 14 0.197 35 084872 084444 084002 0.83566 125438 123686 1218.87  1202.62
9 o200 57 087012 085562 086009 085634 125387 123636 121903 120074
19 298.15 0.34E26 14 0346 86 08844 087043 087478 087013 1254.30 1237.41 1218.59 1202.14
o0 29315 0.42531 13 042501 080500 090005 089504  0.89000 125382 123686 121993 120802
: : 0.482 52 082115 091600 09108l  0.90562 125402 123724 122117 1204.63
= 29815 0. 48252 14 0524 56 003200 002861 092330 001708 125568 123816 122202 120635
1 055840 004502 003963 093424 0028 78 1256.76 124056 122436 1208.18
22 23815 052458 14 58744 0.05421 004873 004320 003771 125700 124101 122521 120007
o 200 15 .55949 14 0.680 00 008005 008427 097852 007277 1267.10 125114 123551 1210322
9 075078 101284 100807 100218 0.095 29 127735 126030 124430 1227.41
a4 23315 053764 19 0852 46 LO5B15 105180 104550 1039 26 1200.15 128217  1264.12 124613
E 206 15 062909 14 D.4635 110580 109935 109286 108G 02 1226.52  1307.10 128776 126897
Clear the T able | Wiew plot | Aooept | Cancel |

NOTE: Simple CUT/PASTE procedures can be used within the table to

convert the original table into the required number of columns.
(This can also be done externally in spreadsheet software, e.g., EXCEL.)



. Speed of sound {m,s) as function of 2 variable(s})
File Edit Action Help

=0l x|

Yarl |ar 2 | Property |
1 29315 0.05670 1255.86
2 29315 010378 125512
3 29315 019735 125438
4 29315 029057 125387 .
5 29315 034686 125430 1 ( ‘I I( ‘K '/ l t t
& 29315 042591 125382 ° lew p 0 O See
7 29315 048252 1264.03
] 29315 052456 125568 h‘ l t t‘
g 29315 055943 125676 a gl'ap lca l'epl’esen a 1011
10 29315 058764 1257.09
11 29315 068903 126710
12 29315 075078 127735 Of the data.
13 29315 085246 130015
14 29315 094635 132653
15 29815 0.05670 123854
16 29815 010378 123801
17 29815 019735 123686
18 29815 029057 123636
19 29815 0.34B85 123741
20 29815 042591 123696
21 29815 048252 123724
2 29815 052456 123816 = - _ -
e 298 15 (55949 124056 . Speed of sound as function of Mole Fraction of nitromethane
24 29815 058764 1241.01 Toals  Help
25 29815 068909 125114
1320
Clear the Table | Wiew plot
1300
[ )
2. Check for typographical |,
errors, and CLICK OK,
1260
when done.
12400

NOTE: The variable associated
with the x-axis can be selected for - l l

best display.

®=Yarl

‘H._




iw. Speed of sound {m,/s) as function of Z variable{s)

File Edit Action Help

Yar 1 ['var 2 |Property |
1 29315 0.05E70 125686
2 29315 010378 125612
3 29315 019735 125438
4 29315 029067 125387
] 29315 [.34686 125430
E 29315 04259 125382
7 29315 048252 125403
a 29315 052456 1255 68
9 29315 [.55343 125676
10 29315 058764 1257.03
11 29315 [.63303 1267.10
12 29315 075078 127735
13 29315 085245 130015
14 29315 094635 132663
15 29815 0.05670 1238 64
16 29815 010378 12380
17 29815 019735 1236.86
18 29815 023057 123636
19 29815 [.34686 1237.41
20 29815 04259 123696
21 29815 0 48252 123724
22 29815 052456 123816
23 29815 [.55343 1240 56
24 29815 058764 1241.01
25 29815 [.63303 1251.14

Clear the T able

CLICK Accept

Wigw plat

Caricel




. Guided Data Capture - Thermophysical and Thermochemical Data

File Edit Tools Help
Reference Compound Samplel
=] 2!:"]1 tro bow [

EI T-butanal

NOTE: The new data set now
appears in the tree under the
appropriate mixture.

[

NOTE: DOUBLE CLICKING
on the data set allows editing of
all entered information.




END

Continue with other compounds,
samples, properties, reactions, etc...

or save your file and exit the program.




