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10. REACTION EQUATIONS

Clicking theReaction Equationsbutton in the main menu shows the Reaction Egusitio
Window, see Fig. 1. With this calculation optionuyoan calculate the heat capacity,
enthalpy, entropy and Gibbs energy values of alesispecies as well as of specified
reactions between pure substances.

See the reference state definitions, valid notateomd abbreviations for the description of
the chemical formulae in Chapt28. Databases, chapter 2.

10.1 One Chemical Substance

[k Reaction Equations _ O] =]
Reaction Equation or Chemical Formula:
|a1203
From To Step
Temperature: 0.000 1000000 100000 C
Temperature Units: Energy Units: Format of Results: [~ Collect ta Sheet
' Celsius ' Calories t* Mormal [v¥ Show Tranzitions
" Kelvins " Joules = Delta [+ Crizs-Cobble
Help File Open H5C 2 File Balance Equation Peep Databasze
Exit File Dpen _.. 1

Fig. 1. Reaction Equations Window of HSC Chemistry.
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File Edt Format Help
T Cp | H | S G Reference | |

1 |A1203 1 Aluminum oxide o

2 T Cp H 5 G Reference

3 C  cali{mel*K) keal'meol  cali{mel*K) kcalmel

4 0000 17 248 400 347 10614 -A0Z 246 Batin 77, JANAF 98

5 100000 21.a00 -302 003 la a7l -A05214 Barin 77, JANAF 98

6 200,000 24.797 -306 665 22185 -A07.162 Barin 77, JANAF 98

T 300,000 26.970 -394 068 27157 -A05 623 Barin 77, JANAF 98

8 400 000 28161 -301.303 31601 -A12.576 Barin 77, JANAF 98

9 500,000 28 38 -3EE A0 35537 -415936 Barin 77, JANAF 98

10 600,000 20 168 -3E3.500 30027 -A19 666 Barin 77

11 700,000 20,709 -322.644 42219 -433.731 Barin 77

12 200,000 30166 -370.651 45 148 -438.101 Barin 77

13 Q00 000 30564 -3Ta 614 47 253 -432.753 Barin 77

14 1000.000 30914 -373.540 50368 -437 666 Barin 77

15

16 |Formula FM Cone. Amount Amount Volume

17 Z/mol wi-%o mel z lorml

18 |A103 101 961 100,000 1.000 101 961 25715 ml

19 g/mol wi- %o mel g lorml

20

(1] Help Print | Clear | Copy All | Copy Save

Fig. 2. Thermodynamic data of A1203 (alumina) displayedtlwy Reaction Equation option of HSC

Chemistry.

By entering a single chemical formula into frermula box you will get similar tables of
thermochemical data as presented in many thermochkerdata books. HSC will,
however, provide the results faster and exactlyhase temperatures which you really
want. Please follow these steps:

Write a chemical formula into the box, Fig. 1.
For example: Fe, Na2S04, Al203, SO4(-a), H(+a)02@).
See the valid notation and syntax of chemical fdamin Chapter 21.2.

1.

Select the lower limit, upper limit and temperatstep.

Select the Temperature and Energy Units, by clgkhe corresponding buttons.

Select the Format of the results.

Normal (Absolute scale):

H(species), S(species) and C(species)

This format is used for example in the famous lriBaO. Knacke, and O.
Kubaschewski data compilatiin

Delta (Formation functions):
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AH = H(species) ~H(elements)
AS = S(species)2S(elements)
AG = G(species) XG(elements)

AG = G(ions) -XG(elements) + z/2*G(H2(q)) - z*G(H(+a))
z =charge.

This format is used for example in the NBS TalNR=3 82
TheCollect to Sheetoption will collect several tables on the samesagdsheet.

Select theShow Transitions option if you also want to see the data at thespha
transformation temperatures, such as crystal streicthanges and melting.

Select theCriss-Cobble option if you want a Criss-Cobble extrapolatiom the
heat capacity of aqueous species, see Chapter 21.4.

PresgCalculate (or Enter) to get the results on the screen.

PressPrint to print the results, see Fig. 2. Note that you callect several sets of
results in the same sheet if you have selecte@€tifiect to Sheetoption in Fig. 1.
You can clear the whole sheet by pres<iegar.

PresLCopy All to get all the results into the Clipboard, then gan easily paste the
results to other Windows applications, for exampmeMS-Excel, see Fig. 2. Using
Copy it is possible to copy and paste contents of iddial cells to other
applications.

If you want to save the formula and results inASClII-file pressSave see Fig. 2.
You can read these files back to the Reaction neodsingFile Open, see Fig. 1.
Note thatSavesaves all the selections in Fig. 1, so you camrmethese usingrile
Open TheFile Open HSC 2 Filebutton reads only old HSC 2.0 files which return
only formula, but not the selections nor tempematange.

You can easily check the basic data from the @abwhich has been used in the
reaction module calculations. In Fig. 1 selectftrenula in the Reaction Equation
box and pres$eep Database The same procedure can be found in Fig. 2 by
pressing the right mouse button or seleckuli from the menu.

The table in Fig. 2 has some formatting and Copaste functions as do other
tables in HSC Chemistry. These features help tatera good printed copy of the
results for various purposes.

HSC searches for the species data first fronOive database(OwnDB5.HSC). If

it does not find a species there, it will searclonfr the Main database
(MainDB5.HSC). Therefore HSC always uses dataénQlwn database if the same
species exists in both Own and Main databases.

If you have selecteDelta-format for the results, HSC will also search for data for
the necessary elements and calculate the formatimtions of enthalpy, entropy
and Gibbs energy. Usually the original experimedtdé is in this format: however,
sometimes the comparison of data in this format beynore difficult because the
data sources often use different data for elements.

HSC will make aCriss-Cobble extrapolation for the heat capacity of aqueous
species at elevated temperatures (> 25 C°) if thesobble option is selected.
The extrapolation is not done if A and B of the theapacity coefficients A, B, C
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and D exist in the HSC Chemistry databases. Theagotation error increases

rapidly at higher temperatures. More information extrapolation is given in
Chapter 28.4.

Foragueous speciett is recommended to set:

Lower temperature =25°C
Upper temperature =300 °C
Step =25°C

10.2 One Chemical Substance Results

After pressing the Calculate button in the previeaseen, Fig. 1, you will arrive in the
results window, Fig. 2. From this results screem gan save and print the results:

1.

PressSaveif you wish to recalculate the results later. Seve button will also

save the settings used in Fig. 1. You can reacttfiles back to HSC using tlieéle
Openbutton, see Fig. 1.

PressPrint if you want a paper copy. If you have selected @odlect to Sheet
option in Fig. 1, then all results will be colledten the same sheet and can be
printed togetherClear will clear the results sheet.

PressCopy to get the results of selected cells into the l&glgrd, then you can
easily paste the results, for example, to MS -E)ss Fig. 2.

PresLCopy All to get all the results of the sheet into the Gignidl, then you can
easily paste the results, for example, to MS -E)ss Fig. 2.

Pres€K to return to the previous Window.
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10.3 Reaction Equations
[k Reaction Equations _ O] =]
Reaction Equation or Chemical Formula:
INi + 4C0([g) = Ni{CO}4{g)
From To Step
Temperature: I 160 10000 ¢
Temperature Units: Energy Units: Format of Results: [~ Collect ta Sheet
' Celsius ' Calories t* Mormal [v¥ Show Tranzitions
" Kelvins " Joules = Delta [+ Crizs-Cobble
Help File Open H5C 2 File Balance Equation Peep Databasze
Exit File Dpen _.. 1 Calculate

Fig. 3.Input data for Reaction Equation calculations.
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File Edt Format Help
T o H | S | G | Reference | | 4]
1  |Ni+4C0(g)=Ni{COH(z) —
2 T deliaH deliaS delia G K Log(K)
3 C kecal cal'K kecal
4 F0.000 -38.321 07 A4Q - 213 1.163EHI03 3065
5 20.000 S32.203 07 560 S3E3T 2 369E-HI02 2375
6 20,000 -3E 264 07 ART -2861 3 2T4E-HIO1 1722
T 100,000 S3E233 07404 -1887 1.274E+H01 1.105
8 1100000 -32.201 07 318 0813 3. 319E-HI00 0.521
9 120,000 -38.167 W07 232 0059 9 267E-001 -0.033
10 1300000 S3E.133 07 145 1031 2.7a0E-001 0559
11 140000 -32.097 -07 057 2002 2. 724E-002 -1.05a
12 1500000 -32.040 -0¢ DE0 2972 2.015E-002 -1.535
13 160000 -3E022 -0¢ BE1 3042 1 02aE-002 -1 9ER
14
15 |Formula FM Cone. Amount Amount YVolume
16 Z/mol wi- %o mel z lorml
17 |Hi 58,700 34370 1.000 58,700 6.506 ml
18 |COig 28010 65621 4.000 112.042 206541
19 g/mol wi- %o mel g lorml
20 | NyCChd e 170742 100000 1.000 170742 224141 .
(1] Help Print Clear Copy All Copy Save

Fig. 4. Results of Reaction Equation calculations.

You can write almost any kind of reaction equatioto the Reaction Equation box of
HSC, Fig. 3. Here are some examples of valid eqonayntax:

2Cu+ S =Cu2s

H20 = H(+a) + OH(-a)

H2(g) = 2H(+a) + 2e-

H20 = 1/202(g) + 2H(+a) + 2e-

Ag = Ag(+a) + e-

3NO2(-a) + 2H(+a) = 2NO(g) + H20 + NO3(-a)
2Al(+3a) + 3S(-2a) + 6H20 = 2AI(OH)3 + 3H2S(Q)
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Write the reaction equation into the box, see Rg.If you have not given the
stoichiometric coefficients for the species, yom gmessBalance Equationfor solving
unknown coefficients. The balance button solvesciefficients on the basis of element
balance equations. Therefore it cannot solve unknowefficients if their number is larger
than the number of elements in the correspondiacfian.

On the right side of the button you may givenaltiplier , which will be used to multiply
all the coefficients in the reaction equation. Tedault value is 1, which means that the
smallest stoichiometric coefficient in the reactemuation is 1.

You can continue in the same way as in the One @a¢ifrormula option Chapter 10.1.
Note that théDelta Format andShow Transitions options have no effect on the results,
because the enthalpy and Gibbs energy of a rezatem the Delta format by definition.

HSC calculates the stoichiometry of the reactimeigiby the user, and points out errors if
the element balance is incorrect.

The example in Fig. 3 refers to the Mond-processrébining impure nickel. In the
process raw impure nickel is first treated with §&3% at 60 °C to evaporate the nickel as a
carbonyl gas. In the second stage, the temperafutiee gas is increased to 200 °C to
decompose the nickel carbonyl gas into pure metaitikel and CO. This process works
because the equilibrium of this reaction is onrtgbkt side (Equilibrium constant K > 1) at
lower temperatures and on the left side (K < 1higher temperatures. The reaction is
exothermic (DH is negative) at all temperatures.

Vapor pressurep can be calculated by writing the reaction equatarthe vaporization
reaction concerned. For example, for pure magnetiierequilibrium is Mg = Mg(g), Fig.
5. The activitya of pure magnesium is 1 and thus the vapor pressurar is equal to the
equilibrium constant according to Eq. (10) in Cleap8. Introduction and Eq. (1). See
also Fig. 6.

K = pMg/avg = pMg (1]

If a substance vaporizes into several polymergfahem must be taken into account. The
total vapor pressure is then the sum of all théviddal partial pressures, if the gas phase
behaves ideally.

You can also calculate more complicated reactibirst write the reaction as shown in
Fig. 7, then presBalancefor the coefficients, see Fig. 8 and finally pr&sculate for
the results, see Fig. 9. Note that for agueouscioeactions HSC also calculates the
electrode potential versus Standard Hydrogen HEldetif electron (e-) is used in the
formula.

You can calculate mass balances in moles, gramdtarslfor any reaction. The species
does not need to exist in the HSC databases.
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Reaction Equation or Chemical Formula:

[Mg = Mg(g)
From To Step
Temperature: hoo 1500 100 C
Temperature Units: Energy Units: Format of Results: [~ Collect ta Sheet
' Celsius ' Calories t* Mormal [v¥ Show Tranzitions
" Kelvins " Joules = Delta [+ Crizs-Cobble
Help File Open H5C 2 File Balance Equation Peep Databasze
Exit File Dpen _.. 1

Fig. 5. Input data for Reaction Equation calculations.

G Results O] x|

File Edt Format Help
T o H | S | G | Reference | | 4]

1 |Mg=Mgz(g) _-
2 T deliaH deliaS delia G K Log(K)

3 C kecal cal'K kecal

4 500,000 34 380 262909 14056 1 DA3E-N04 -35974

5 600,000 34142 26.00a 11.441 1 362E-003 -2.264

6 700,000 31227 23492 2066 0 ARNE-003 -2014

T 200,000 31.503 231748 6633 4 452E-002 -1.351

8 Q00 000 31180 22 BRT 4330 1 561E-001 -0.z07

9 1000000 30857 22823 2054 4.439E-001 1353

10 1100000 300533 22378 -0.1935 1.074E-H100 0031

11 1200000 30210 22.151 S22 2. 22TEHI00 0359

12 1300000 20 BB 21938 -4 626 4 393E-HI00 0643

13 1400000 20 563 21,730 -6.210 7.755EHI00 0290

14 100,000 28,230 21.551 -2074 1.277EHIOL 1.10&

15

16 |Formula FM Cone. Amount Amount Volume

17 Z/mol wi-%o mel z lorml

18 |nig 24.305 100,000 1.000 24.305 13962 ml

19 g/mol wi- %o mel g lorml
20 Mg 24303 100000 1.000 24303 224141 .

(1] Help Print Clear Copy All Copy Save
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Fig. 6. The equilibrium constant K is equal to the vapagsgure in atm according to Equation (1) if the
activity of magnesium is 1. The boiling point of gmesium is about 1100 °C beyond which its vapor
pressure exceeds 1 atm.
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ﬁﬂ-ﬂeactiun Equations =] B3
Reaction Equation or Chemical Formula:
IFESZ + HZ20 = Fe203 + S504(-2a) + H{+a) + e-
From To Step
Temperature: I]I 175 2h C
Temperature Units: Energy Units: Format of Reszults: [T Collect to Sheet
(' Celzius {+ Calories £+ Hormal [+ Show Transzitions
"~ Kelvins " Joules " Delta [+ Criss-Cobble
Help File Open H5C 2 File B alance Equation %J Peep Databaze
E xit File Open __. I 1 Calculate

Fig. 7. Write the reaction equation without stoichiometraefficients and pre€dalance Equation

ﬁﬂ- Reaction Equations P =]
Reaction Equation or Chemical Formula:
IZFESE + 19H20 = Fe203 + 4504(-2a) + 38H(+a) + 30e-
From To Step
Temperature: I]I 175 I 2h C
Temperature Units: Energy Units: Format of Reszults: [T Collect to Sheet
(' Celzius {+ Calories £+ Hormal [+ Show Transzitions
" Kelvins " Joules " Delta [+ Criss-Cobble
Help File Open H5C 2 File B alance Equation Peep Databaze
E xit File Open __. 1 Calculate l}_

Fig. 8. Pres<Calculate to display the results.
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File Edt Format Help
T o H | S | G | Reference | | 4]
1  |2FeS2+19H20 = Fe203 + 4504(-2a) + 38H(+a) + 30e- —
2 T deltaH delta’s delta K Evs. SHE
3 C kcal cal’K kcal W
4 0000 354830 315127 268 762 2 TEEE-116 0389
5 25,000 313080 164.432 264063 2A3IE-194 0382
6 50000 301309 126758 260437 TOETE-177 0377
7 75,000 200273 03592 257 AEE 1 674E-162 0373
8 100,000 278071 62,250 255743 1.583E-150 -0.370
9 125.000 266 991 31.187 254 574 1.77TAE-140 0368
10 150,000 253803 -0.820 2541932 50350E-132 0368
11 175.000 238 E36 -35.261 254 A3E 6. 456E-125 0368
12
13  (Formula FM Cone. Amount Amount Volume
14 g/mol wi- %o mel g lorml
15  |Fe3Z 119 947 41.210 2000 232054 47 796 ml
16 |H2O 12015 58,790 12.000 342 280 373270 ml
17 Z/mol wi-%o mel z lorml
18 |Fe2(03 150 692 27437 1.000 159652 30476 ml
19 |30424) 0@ 058 65,9072 4.000 384230 0.000 ml
20 |Hi+a) 1.002 6578 38.000 32300 0.000 ml .
(1] Help Print Clear Copy All Copy Save

Fig. 9. Results for an aqueous ionic reaction.

The data used to calculate the results can beaglisplby selecting one substance in the
Reaction Equationbox, see Fig. 3 and pressiRgep DatabaseThe same procedure can

be found in the Results window, see Fig. 4, by gingsthe right mouse button. The

database content is shown in Fig. Ifkert is available for inserting a selected formula
into the Reaction Equation boRemovewill remove a selected formula from this same
box. Note that the selections and editing in Fi@g.db not have any effect on the HSC

databases.
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B4 Peep HSC Database _ O] x|
IMﬂinDB File *l Formula: IT":'2
*| MainDB 1. 2. | e
Egg[g] Formula Tioz ITioz |-
TiDZ(a) Structural Formula O2Ti 02Ti

Ti0Z[g] Chemical Name TitanimnT¥) o2 Titaniwn TV coride

HSDE[?’?*] Common Name | Rutile Ftile

Ti203 CAN 13463-67-7 | 13463-67-7

Tiz02 Mol Weight 7330 7990

Ti305 Melting p. K 2116.00 2116.00

{QSE Boiling p. K 300000 3000.00

Ti407 T1 K 29815 2143.00

Pg‘%‘f | 2K 214300 3000.00

Tiovg) State ; 1

TiOj+a] H kealimol 225 200 1000

TiOF[g) 5 calimol*K} 12.020 7512

TiOFZg) A califmol*K) 16.777 24 000

TiOH)4(a]

TiE B 1.810 0.000

Tiz[g) C -3.690 0.000

1:3125 D 0364 0.000

Tis2 Density kgl 4.230 0.000

Tis2 Color RCB 7.000 0.000

Tizs Solubility 0.000 0.000

Taet Reference Barin 93, Saxen Barin 93

Ti5e Clazs 1 1 -
Tiselg] M R LIJ

Cancel | Print | S | P| & Cal  J Remove Insert Find

Fig. 10.The database window.

10.4

Reaction Equations Results

The operation of the buttons in Fig. 3 are desdribethe previous chapter. The meaning
of the results can be summarized as the following:

1.
2.
3.

If the equilibrium constant K is < 1 (or log(K)0) the reaction goes to the left.
If the equilibrium constant K is > 1 (or log(k)0) the reaction goes to the right.

Negative Enthalpy H of the reaction means thatreaction is exothermic, i.e. heat
is released, Equation 7 & Introduction.

Positive Enthalpy H of the reaction means thatreaction is endothermic, i.e. heat
is needed, Equation 7 & Introduction.

Delta Format has no effect on the results aftrea equations.

In ionic reactions POTENTIAL E yields the elexhemical potential (in Volts)
versus the Standard Hydrogen Electrode.

Equilibrium constant K is calculated using Egqomatl1 in8. Introduction.



