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OBJECTIVES

When You fini:sh,this module you will be able'

J. understand.the meaning of chemical eq Iibrium.
-44fr

2. write-an equilibrium expression for any chemical reaction: .

3. predict the dcrection that a reaction Will proceed from the magnitude
of the equillbrium constant:

explain the significance of the magnitude of an euiiibrium ?bnstant
in terms of the completeness of a reaction. .

c

S. }plow,how to *rite the eqbilibrium expression for reactions.involving
pure IiquidV' or pure so1i1s& :

P.RERE6UISITpS
.1

. Before you start this module you should understan0

1. the mole condept:

2. stoichiometry of chemical reactions.

PRE-TEST

el

The purpose of this self-test is for you to decide whether or"not you have mau-
tered the prquisites. If you miss More than one questiön froth-the fol1oulehg set,

it is suggested that you review the material in the modules on mole concept and

stoichiometry.

I. Given the following balanced chemical equation:

2 NaOH + H2SO4. = 'Na2SO4 + 2 H20

Assuming the.reaction goes to completion,

a) calculate the number of moles of Na2SO4 formecf:when 1.5 moles'of' NaOH

react with an exces arAount of 112SO4.

If

b) calculate the number of moles of H2304 reqUired to react with 55.0

'grans oflia0H.

2. In the reac'tion:

2 H24+ Og --- 2 1120

25.0 grams of'H2 are mixed with 25.0 grams of 02.

a) Determine which reactant is im excess.

b) Determine the theoretical yield of 1120.

c) HQW many moles of the reactant inw excess will remain after:the reaction'

has gone to completion? ,4

0

Answers to pre-test:

I.' 0) 0.75 moles Na2SO4 b) 0.688 toles H2SO4

2. a) fi2.in exceps 4 '13) 28.1 grams H40
44*

c) 10.9'moles .

4
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INTRODUCTION

To-illus trate the concep ofi chemical equilibrium a computer program, referred
to in this discussion as EQSTM, has been developed to simulate a system achieving an
equilibvium stale. At this point you should use.EQS1M and return td this Study
guide after you have seen the bimuldted illustrations of the chemical system.

Execute the computer progrzo,

A

,Nota, using the illustrAtions simulated by EQSIM attempt to answer-the following.,
questi-<5ns..

1) How do the illustratiAns differ?

Obviously, the number of A, B, and C molecules change. as the time
changes. Hbwover, in the case of the last tho illustrations in each se-

..

quence the number of 'A, B, and C molecules does not change% Although the
. 4

positi,ons of the molecules change indicating that the system is in a state

of dynamic equilibrium, the numbers of,the'tindividual molecules do hcyt

change..

2) How are the illustrations iA the last iwo sequenceS similar?

in both cases the law of conservation of mass is shown. For each A

molecule which decomposes,cori,esponding B and C molecules are formed. In

addition, note'that regardless, whether the reaction is initially'started

from the' left (aP1 A) or from the riuht (all B and C), the final equililb-
7 ,

rium state is the same. In all cases where a chemical reaction-occurs the

system Will ultimately:achieve an equilibrium state where tlie measured con-

centrations of the products and' reactants do not change. At this point .the

system is at equilibrium.

Having seen that when a system is at equilibrium-therconcentrations wef,the

products and reactants do not change, now consider quantitatively a chemicixl system
. ,

.

and determine wh t
pther or not there is a mathematical relationship among'the equilib-

rium Concent'rations which iS.unique iv) that system. Use the comput4r prOgram KEQ

and then- return to Oas study guide.

Execute the computw program KEQ.

\
t,

You twie observed from-the simulated experimental data that the equilibridm

concentrations of the prod6cts divilied by those of the reactants' (both expressed in

moles/liter) raise6 to the respective coefficients of the balanced. chemical equation

are equal to a consXant value.' Mrs constant is referred to as the equilArium con-

stant for th.At particular reaction. Fol, a general reaction:

1
1k' aA + blEt 6C -+ dD

,

f[Did
K =

[A]a[B]

;
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where K id the equilibrium constant and IAJ, [C.), and [D] are the.-equilibrium

concon.tration;, expressed inmoles/litet. Obvious3y, A constant would aisO be bb-

tainbd if the concentrations of the reactants were divided by the cculcentrations of'

the products. However, it is chosen by convention tO \elite -the products bver the

reactants. For example, in the cmle Of the reaction

n2 SO2 + 02 n
ou3'

the equilibrium constant is written as

K jS002
[S02]2[02]

t1owe4r, in the case of tha tersetreaction

c,A2 Sy3 L
n OV2 4- 02

the equilibrium constant is written as .

K' EPo°2[02,3 = \\J
fS0',J2

13
again following the convention pf the c ncentratigns of the products divided by the

cw1centrations of the reactants. This is an important fact td remember

r.

.Froblem 1.. 1.4ritt the equilibrium constant expressions for the following reactions:.

a) N(g) + 3 H(g) ZW---721= 2 NH,(0, K = ?

b) S02(g) + NO2(g) Z.7=1`.= S03(g) +, NO(g) ,K = ?

A
c) 2 NO(g) + 02(g) ---" 2 NO2(g)- . K = "1,1

.-4
#

A large amount of information=can-be obtained from t1;e equilibrium constrft.

:lielce the equilibrium constant is equal to the product concentrations divided by the

reactant'equilibrium concentratiOns, you can use the magnitude of the equilibrium

conbtant to predict the extent of the reaction. 0

For example, consider the reaction

2 NO(g) + 02(g) .7.,==.72t 2 NO2(g) .0.
. .

. .',/
.

. ..
,

The value of the equilibrium constant is'7,1 al 4,60°C. Thus-, in this Case D1/41002 ia

much greater than [02][140]2, indicating'that the reaction exists at equilibrium pri-
.

manilv as NO2(g). This has all been deduced by simply conSidering the magnftude of ,

the eguilibrium constant. For the reaction:

2 HI(g) ,71.7.7.itt H2(g) + I2(g)
, -

K = 1.6 10-'2 [1-12][I2]
.. ..;

0,
[HI36

/, 1 - -
.1/4thus indicatin-g that in the case of this reactia, the 'Ottem consists primarily,of'

HT at equilibrium. In general, you should be able' to look.at the magnitude of K And
etimatt whether th'ereaction fav6rs the reactants cr produbtb,

A.
1

. Problem
2.',,

For the folldwing reactIons use the magnitude of the equilibrium con-
e

.

% , .

,
Stant to estimate whether the system at "equilibrium will contist primal.

- ).

rily of products or reactants.
,

s

1

4,



Ni(g) f 02(g) 2 NO(g)

SA),(t) M02(g) 'F,03(t) 1 NtC(g)

c) CO(á) + ;12-02(g) CO2(g)

K

K =

K = 1 104

in addition to estimating th.e extent of a given reaction, the equilibrium on-

ant can also :Ye useful in dettrmining the direction 'a reaction proceeds from

Oven 61.1,'t 0' initial concentrations. For cxAmple, conide1 the4reaction
. . ,-, .,.. i .2 MO(g) .'4.. 02(g) 7...t---- .6 141.)2,kg., g\ = 71 .

\

.F,upoose OU were to'miX 3 moles NO(g),
_
.2.mo1es 02(g), and 5 moles NO2(g) in 2

A

liter flasL In.wttioh dirlection would the reaction proceed to.obtain'equili rium?
.

t .

The first st.p.needed'to ansWer this question is to calculate the reaction uotient

which is. (Wfined as thecongentrations of the productsAdivided bysthe cone ntrAions
,

of the reactants raised to their resActive coefflcients. Note: 'This 0uatt1 ty'doe6
, . .

UlOt equal the equilibrium constant unless the concentrations are the equi:ibrium

I.concentrations.
.

. 1
, In the example cited.above, the reastion.quotient, Q,' is equal to:

.....) P[N0232. _ (572. 2.78 .

Q EN0P[02] (3/2)2(2/2) .

1

Therefore!, for thia set'of initial coAditions,, the reaction quotient, 0, is-less
. .

than tho,equilibrium constant, K. HaW will the'reaction proCeed in order that the

'reaction quotient becomes equal to the equilia.tUm constant?

, In this example Ae concentration df.the product must increase and the *cOncen-,

trations of the reactants decrease in order for Q to become equal to K. Thus, the

reaction .must proceed tp the right to attain equilibriumThis_example shows that_

the equilibrium constant can be used tct determine the direction a reaction will pro-,

ceed from a given set.of initial condntrations.

Problem 3. For the system N204( 2NO2(g), = 0.90. Predict the direction

in which ,each of the follOwing systems will move to achieve equilibrium.

a) [NO2] = 0.50 moles/aiter, fN204.1 = 0.50 moles/liter.

b) 2.0 moles,of 1402 and 1.0 molds.of N204 in a pito liter flask.

Problem 4. For the system OIN I(g) H2-(g) 4- 12(g), K = Predi8t the

direCtion in whioh each5of the following,systems Will move to achieve
Aequilibrium. V

a) 2.0 moles of'HI, 1.0 moles af 12; and 1.0 moles of H2 a 5.0 liter-
.

flagk.

b) 0.01 moles of HI, 20.0 moles of 12) and 0.00 moles of H2 in a2.0
/liter flask.

tle have- diSedVered that'for a general gaseous reactj.on

0

the expression

aA '13B cC + AD

K =
ECJ [ Jd

tAelB3
where (Al, tB), [C1, and CD) al4e the eqUikibrium concentrati4iAls expres6ed i m1,91es

f

410
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per liter, in n constant unique for that reaction at-a given temperature; This-is

true for any reaction'where all the reactantd and products aise gases.

However, if any of the components in the reaction are pure liquids or pure sol7

ids,-the concentration, moles/liter, is'13roportional to the density of that sub-

stance and will remain constant.at a constant temperature. Thervfore, in the reap-
, 1

tions which involve pure solids or pure liquids, the doncentrations, moles/liter, of 6

the liquids and solids are incorporatbd into the value of the'equilibrium constant.

Yt is _imPerative that the phases, or physical states, of the reactants and.products

be written aspart of the*chemiCal equation. We will designate g, 1, and s to rep-
s

resent gas, liquid, and solid, respectively.
_

Consider the reaction

CaCO3(s) Ca0(s) h CO2(g) .

'/For this reaction, the equilibrium'constant expression is written as

K ='[CO2] ,

since CaCO3(s) and Ca0(s) are both solids.

-Pi-oblem 5. Write the equilibrium expressions for the following:,

a) C(s) + H20(g) 7.7.r,==.1t C0(g) 4 H2(g)

b) ,H2(g) + 02(g) H20(1)

c) H2(g) + S(s) HTS(g)

d) 2 C2W6(g). .+ 7 02(g) 4 C62(g) + 6 H20(1)

1.k
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the comp6tar in such a way that students may take-a more.active
role in the development and discovery of concepts and pben'omena.
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TEACHER'S GUIDE TO UNIT' ON INTRODUCTION TO CHEMI;CAL EQUILIBRIUM

OF THE CHEMICAL EQUILIBRIUM MODULE

_

EDUCAT , OBJECTIVES
,

The purpose of thjs'module is to have students'disiover the

concept of equilibrium from simulated empiAlcal data. For this

yeason it ig important that the stUdents ericounter this before a

t. _lecture. The module_ is designed around the two comp.uter programs,

EQSIM and KEQ. Using these two computer programs in an interactive

' '4t

envirbnment plus wOrking the problems in the text in a self-paced

manner, the student Aould complete this module with '(1) a quali-

.tative understanding,of chemical equilibrium, (2) an.ability to

write ail equilibrium expression for any chemical reaction, 4nd

(3) ar aiity to predict the dirction a reaction will proceed

to 'achieve equilihrit),r;.

IMPLEMNTATION
V

As ith the other modules in this group,,this module may

either hi usad as augmentation to the lecture ma-terial or as a

self-contained unit. I,t is estimated that the student should

Master the material presented in this module in two hours including

f

approximately fifteen minutes' of terminal time.

%

ANSWERSITO PFOBLEMS

]. a) K

b) K

c) K

[NH2]2

IH2P[N7]

[S03][NO]
M2_11.14021

[NO2]2

[b21ENO,i2

2. Reactants

b) Products

c) Products 1 0

(`

,

.



3, a) Form products...
b) Form prpducts.-.-

. a) Form reactants
b) Form reactants

K
[Cki

h). K

0

1

TH2 1102]

K 'LI-12S]

/ 2

[CO2r
K

102Vic21-I 61 2

I/

*,.,

c-

1 I

.1

)

41
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SO FIVAnr

.
EQSIN, This eompu Or. program '.SimulateS a .gaseous system:. c: t,A B F C achieving quil-ibrium, .student .1.s .asked to sugply

three different time v Mc!: 'Program sor"ts :tbese tiMe valtts.
'in ascendinp, qrder, a ,d presents fbur pictures 'Of tfie -sys-Eein- as:
funqtions of time, in Juding time 0.00 minutes.

The positions oflipe gaseous molecules, A, B.,-*and C, are
randomly placed in ol der fok,r_thestudent- to, feel as.,- though -the.
system,were- dynamic. The first picture S.hows 20 A _molecules. The

-

next three pictures ,how.15, 5, :"); 8, 12, 12; 8, 12, 12 A, 13, 'and,

C Tholecule.s, respect! Tvely. After the stO ent has'.observed _these
pictures, the equililbrium is approacied f op t othei'' side of. the
reaction starting wirth B and C, moiccul Again,;-itha-,same ,app)-gach

. , . .

is Followed with th e! student supplyinp, the tiRe values itc)Ne-wr,
,

in this case the four pictures are 0, 20; 2();,5", 15,.15;
8, 12, 12 A, 13, and C molegules, respectively. Make certai that
students -count the total number qf mo]ecules.

The mairr impetus of this omputer program is for:;he stUderPt ,,
to p,ain an intuitive Feeling- for a dynamic equilibriuM. -;f3y counting

11

,

the gaseous 'Ic.olecuiles ha should noted the similarities and differences
,

between the different ,pictures th4.-.eqUilibrium is approached from,

both sides.,
W O. v 1

1, I 1
/

46

4 ' :

KCQ. This comp'uter Rrogram provides simulated data whioh -'the
.

st-udent uses to derlive an empirical-.px'press 'ion forthe equilibrium
.
ccicentr'antions... ThCi fi.rst exampn,:ehben` is 'file simple system.

. \,,.
. - .

,

'" 1.1_-. C wiIhOut 'emphviting the rfaCt the vOlume is included in,-

/ : . I,t4 concfration ,terms. The; st'uden't -.IS a,skede'to find an expresSioV
. . .. ,

0 /a

of tileaNtrilibrium con'centration::; wh,idh,.is 'independent of A,

,

Various,mbina-Llons of theeq'd,ibtiuin 'concpntrationp are prese t
. q ... ' 0.J i

to him by the compbtez7-progi?-am, he Oleet's one of these, and the-- ,. ,.. , ,
program ;0,bts -the 'quantity As a funciion, of A

. (initial)*
'After 116 has'. ,.disecivered, tti'equi-librium. e)tpression, a more

/1cOmplitated qst.ein A 2B isv prbsentdd. Now, 'he must cQnsider
.4 4 ' : . 1 :, '. `'

.C 0 e r f".1 C i eht s ,11C.L." WO 1 U111 del!, en d4P C i s again, he -is asiked -to choose-,
k

,
,

.,
an ,expressiOnfw,h1.,bh lie,f60.'s' i.s'AnO.pendelit of A(initial) Fie
selets one of'thesd'atid.i,th.e coMputer prOgram plots this quan-qty as

, , .. ,. 4a -flinc-O.on" 'cif A1'.' , '" 1' .he emphasis of -the module is for the
, -(initial) '/. .

a t .
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student- to be jed inttra qucinti*ecivp 'Unders.tanding 'Of an- eq--unib,rium
.xpre i on- through ..the e)citIng modof discovery
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Runof EQ (BASIC ver0.on)_uil

*0-HE CONCEPT OF EOUILIBRIUM.*
.

-THE PURPOSE OF THIS PROGRAM I;, TO AID YOU IN
IDER4ILANDING' THE' CONCEPT OF. EQUILABRIUM. THE GAS Epus
EACTIOJI DISCUSSEP .

M C . -

FOUP. piCAU4S WICL BE SHOYN WHI(H WILL REPRESENT"TflE SYSTEM,
-AS \T IMF CHOWE.':.:`_ BEGINN I NG W I TH' T ME,4T 0.

CHOOSE THREE T IMES 'Hi MIN-UTES AFTER VT IME ZERW' THAT YOU
i!InuLD L KE. TO .:EE AND ENTER THESE TI MES ( SEPARATED .BY
COMMAN' AFTER THE, .OUEST I O'N MAP* APPEAPS -7 E. G. 1' 416

j
r

FLEA '.E ENTER! THREE T IM .S.: IN ASC.END I NG ORDER?10915 9 20*
+.

*

A A fi
04

AItf
,

A, 'A E.

IT 17

.51"
E

A
S.

4".

. .

-

; ''
_ : , I *, 4

il,.1_..
l A

. .. ..

, ;.:,.- ,

,
;'!. . .

5: .;***4 .. .**.*.***%****
:r..

; ,,
a .. , a

. T I,ME .15: 10 NI MirrES;:- ..,,,).. ',,-..,*.,-
;44 i ***:*** '4044

...

, , ,i "
.. ,..f7: ..

s:,
-.i.

.4. --

.:.

''' --4,4..):: :..'1'4'

. .

.!;,**.********,****440074******rne.0******,

.2

1'.P1UTES.

. .

1
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r / r A C .,..

'
,

. .

E
B A r B ,

,,A .1,

A 4,

C 4
Fr C C B ,

.

A A .B C b.'
. ,

El

El , ' E A A C 1_
*

C 1_.---4,04-*-40*********- ,

TIME IS 20 MINUfES. 't

HOm DO-THESE PICTURES DIFFER? HOm ARE THEY SIMICAR?
RNSWEP THESE QUESTIONS IN YOUR STUDENT GUIDE OR ON A
:EPARATE PIECE OF PAPER.

NOM LET U: CONSIDER STARTING WITH SUESTRICA
AND'C AND OBSERVE HOW-IHE SYSTEM ATTAINS EDUILIBRIUM.

AS BEFORE, CHOOSE THREE TIMES YOU WIS'H TO OBSERVE.

PLEASE ENTER THREE TIMES IN ASCENDING ORDER?10.15.20

*****************.,
C cl'C c. CC C f:IP B C P

B i t
.. E.: C . E C %)6 *

B B El C r , '41.

B -C .,,C: -4,

c C P. *.

* B P i !
p C. . ,.

C , B B B
I

r B E r e,

****************************
4

TIME .12'. 0 MINUTE:3.

* C p. , u

,. , C 0. B 'r-
-,

B. -C C C .J A *
,,...

C

: C u. B ,

.4' t' C. A C B

. V

. ,

.
El 0' P B A s-,

B ,,, B C B
P C. r ,'

.4****4t.4!**40++!!!\**4040!!
TIME IS 10 MINUTES
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V,
6

4

.
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0 A E B I:-

, ft -., 1-.

. .

4 4 12
.

1.,

C.

c e
.._

A . A q A ..*
I I ME 12 15 MINUTE': . 4t

c. $ c
E E: 0.. E: .

t ' C. C 4
7* c A E: C. *

A F.:

. Et A ,
:

A
c . r A r: C

.4 . A B B E-1

f E.:,-*:

3.

T I ME I 41 ro_rfEs....

) HOW IT THESE PICTOPr;S,TIFFEP? HOW APEIIHEY,SIMILAR?
'ANNEP THE'A WESTIONS IN YEIUR STUDENT. GUIDE'pP. ON A,t

'1EPORATE PIECE .OF PAPER. ,
.7"

"Tr4vd.

fA.

.461

:?



?,

ample run or KI:Q (BAN:0 ver31Qn)

lqi;;PPOGE.RN,1:, DEIGNED TEl HELP T4 si,TUDENT.-
tm.PLFICALLY DERIVE THE FOUJLIPPIUM EXPRESSION AND
C40iN,IticAGNT INTO THE:CONCEPT OF ii-HEMICAL EPUILIBRIUM.
1:70VRN THE CHeMICHL,EqUOTrai

# E: + '

THE 'FOLLOWING EXPERIMENTAL REtULTS WERE OBSERVED (WITH'
CONCENTPATION BEING IN MOLES PEP LITER )

HfINITLHLb HfEO) B.kEe, Cf:EQ)
10 7.32 7.32
v7" 5.492- -s.492 #

, 4.142 4.142
..351 2.(449

L. .16:3 1.832 '1.832
IT i POSSIBLE TO FIND 0 RELATION AMONG THE EQUILIBRIUM

i!ONCENTRATICINS WHICH DOES NOT CHANGE H3 H<INITIAL) _

IS CHANGED. TPY VARIOUS COMBINATIONS OF THE EQUILIBRIUM
EINCENTRAT.IONS OF AfINITI9L, TO FIND AN EXPRE5SION,THAT,
IS INVAPt4N7. FOP EXAMPLE, H.E0) VERSOS H(INITIAL)

0

0

(1. 0
10

4

AkINITIAL)
OBVIOUSLY THIS CHANGES.. °SHOWING THAT H(EO) IS
DEPENDENT pPON
FROM THE FOLLOWING TABLE, SELECT THE EXPOESSION YOU

WOULD EXPECT TO DE INDEPENDENT 19F A(INITIAL)..
(1) AAB

,50 C/A
7) OTHER

WHAT,NUMBER DO YOU SELECT?1

10 0'

- AtINITIAL) -->

(2) 11.'%2

C + B
E + p +

THIS INCREASES MORE JHAN P(E(?) AS AN,F1INCT1ON OF
AtINITIAL). TRY AGAIN. :

-

4.4

e

\.



1.4-40FiT NH4BEP DO YOU SELECT
10 0' ) 0 o o
I
1

4

'11

i7iTHITIAL)
THIS IS COPPECT. YOU CAN PPOCEED TO THE SECOND PART

YOU HAVE THAT FOP THE REACTION:
R =,U C

THAT U.E0).C..E0)/A.E0) = A CONSTANT
PEGARDLESS OF JHE INITIAL CONCENTPATION OF THE REACTANT/ A.

t

NOw CON3IDER ANOTHER GAEOUS REACTION :

= PB
wHERE FOTH THE INITIAL CONcENTRATION OF F AilD THE VOLUME
OF THE l'YSTEM APE OgSERVED.

VOLUME
ILITERs)

R.INITIWO AECI)

E. --.; 5 2. 45
1 0 :':.. 092

,
z. 5 , 3. 4 ;"
3

4 4
4 (....., t.,.148

t(QD)

3
4.704

,`

5 .

,AkE0)

41

6
pkEIT)

1,225 1.0'1

4.0_46 1.91r
1.15667 1.02

1.24133
. 625

. 1.537 1.176-
mHEPE'COCUMNS 2,3, AND 4 APE E>TPESSEDAWHOLES,AND COLUMNS
5'AND 6 IN MOLES,PEP LITER.

DETERMINE WHICH OF THE FOLLdWIN6 EXPREStIONS IS
CONSTANT INDEPENDENT oF R(INIT) AND_VOLUME. '

(1) 4.:OLOMN 4?/(COL0Mrt .3 r)

i,COLUMN 4) :SOUAPED ',COLUMN
(.3) 0:ILOIN 6) SOUFiRED f'frOLUMN

:WEIL UMN 6.) Mt_ LIMN
.5) OTHER

WHAT flUMPEP DO YOU S.ELECT71
I 0

10

0
********,'********.+*

A(IrlITIAL)
THE OR.V.T.. TWO ROWS.SHOW THAT WS: IS F9LS=. 1RY,A6piN.

_



'

WHO NUMPER DO 'YOU SELECT!7,7:,
0 P 0

10 Ci

A.INITIAL) .

170NPARE-A1Y TWO POWS WITH APPPDXIMATELY THE SAME
CONCENTRA'TION --E.G. ROW, 3 AND 4. TRY AGAIN.

-+MAT NUMKR DO YO0 SELECT74
I 0

I

1

4
10 0

0
0

I.

FomITIAL) \
re. COMPARE POWS 3 ANDs4. TRY AGAPN.
WHAT NUMBER DO Au SELECT?3

la- 0. 0 0 n n

. .

CORRECT CONGRATUOTIONSI!!

1 9

"-

10
,

;741

I



r:

THIS:PROGRAMAS DESIQNED TO HELP THE
STUDENT E14PIRICA4LY DERIVE:THE

'EQUILIBRIUM EXPRESSION AND -GAIN INSIGHT
urre THE CONCEPT.0F .CHEMIVJ.. EdUILIBRIUM.
GIVEN TH4,-FALLOWING CHEMICAL. REACTIONI.-.

.
Sample run oi KEQ", ,(rORTMN ver$iort)

1.`

A B C
'THE FOLLOW/NG EXPERIMENTAL'llESULTS'WERE
'OBSEPVED.(CONC. IN MOLES/LITER)_

.

_A(INITIAL) A(EA) B(EQ) C(EQ) 10.

100 2..679 7,a2p 7.320,
-1.0 1400 5.4S!2
5.0 .85E 4.142

,5.492
4.142

3.0 - .35 2:649 2.649.
2.0 168 1.832 1:832

IT 1S,POS$I6LETO FIND A RELATION AMO-I4G
THE 6WILIBBIUMCONCS.WHICH DOES NOT
CHANGE AS A(INITIAL) -IS CHANGED.TRY
VARIOUS COMBINATIONS.Or. THi EQUIL. CONCS.
AS,FUNCTIONS-OF.A(INITIAL) TO TIND AN
EXPRESSION 'WHICH IS INVARIANT:

FOR EXAMPLE: A(ECI) VERSUS A(INITIAL)
.;

0

r'

14"-
)/
."

1 0
I0

A(INITIAL)

BVIOUSLY, THIS CHANGES SHOWING THAT
MEG) IS DEPENDENT UPON ACINITIA10.

FROM THE MIA/WINO TABLE 'SUM THE
EXPRESSION,YOU.WOULD EXPECT'TO BE
INDEPENDENT.Or A(INITIAL).

CI) (A*O) (2) (B**2)
(3) (C*11)/A (C4.13),

'(15) (CIA)
.17) OTHER

:ENTER *OUR SEI;ECTION.i

, . .

'

4

.1'



. I

S.

-

*

014

I . 0.

I. 0
(I

j
0

IV 0

ACINITIAL)
*THIS INCREASES MORE THAN A(EA) AS A
1UNCTION OF ACINITIAL)
TR( AGAIN

. ENTER YOUR.SELECTION.2

0
IS

0 ,

II0 a
*****************4,**
ACINITIAL) .

THIS' INCREASES MORE THAN A(E) AS A
FUNCTION OF AtINITIAL)
TRY AGAIN
ENTER YOUR SELECTION.4

: 0
10

.0

A(INITIAL)
THIS IS A MOWN MISTAKE BECAUSE tF
STOICHIOMETRY4NOTE THE INCREASE.
TRY AO#IN , t

ENTER YOUR SELECTION.5

'

1

S.

.r4w

12.

'



10

0

I
0

0

*******************10
A(INITIAL)

THIS FUNCTLON DECREASE'S
TRY AGAIN
ENTER YOUR SEIACTION.6,

1.
0

I 0
10
********************
A(INITIAL)

THIS 1$ A COMMON MISTAKE,BECAUSE OF
STOICHIOMETRY.N,TE THE INdREASE.
TRY AGAIN
ENTER YOUR SELECTION.3

0

********************
ACINITIAL)

THIS IS CiRRECT. PROCEED TO 2ND PART,
WOU-HAVE SHOWN THAT FOR THE REACTION!

; 0

,11(41

REGARD 45 Or THE INITIAL CONCENTRATION
0111RE

B + C

CEO/AMA) u CON$TANT

TANT A



POW-CONS/DER ANOTHER TYPE.OF GASEOUS RX.
Th

A 21" 213, .

WHERE POTH THE INITIAL.CONCENTRATION.OF A
AND THE voLumE Or THE SYSTFM-ARE VARkED.
THE FOLLOWING EXPERIMENT/it! RESULTS MERE'
OBSERVED:

. 1

VOLUME
LITERS

2
A( INIT)

C

3 4 5 6
A(E61)- B(EQ) A(EQ) B(EG)

MOLES ) (MOLES/LITER1'
2. :.3.5o 2.450 2.100 1.225 1.050

-2. 10.00 8.092-3.816 4.q46 1.908
3. 5.00 3.470 3:066 1.157 1:020 .

3. 7.db 5.138 3.724 1.71.3 1.241
4. 4.00 2.500 3.000 _0625 _9750
.4" 8.50 6.148 4.704 1,.537 1..176

,WHERE COLUMNS 2i3PSAND 4.ARE EXPRESSED IN
MOLES AND COLUMNS 5 AND 6 IN MOLES/LITER.
DETERMINE WHICH OF THE FOLLOWING EXPRESSIONS
IS' A CONSTANTp_INDEPENDENT OF A(INT) AND VOL.

(1) 4/3 (2) (4**2)/3
(3) 6**2/5 (4) 6/5
(5) OTHER

ENTER YOUR SELECTION.4

10 0
-0

1

I.

0

A(INUI L)
NO, COMP#R 4POWS 3 AND 4
Tay

NTER YOUR SELECTION.2

.6

I.

AUNITIAL)



-V

COMPARE 7 ANY TWO ROWS W reit APPROX.
TIM SAME CONC .-*E .0 4. pews' 3 & 4
TRY AGA IN
ErER YOUR 'SELEC'T ION 3

100 0
I
I.

****************#**W
ACINITIAL)

THU IS CORRECT. CONGRATULATIONS.
ENIID OF PROGRAM

9

TA

-
1S

k



EQSTK Program

..

qo REM ++.................... p F.. 0 G'F.. gili,m ....q....,
REM itij-RT JHE 4GUMENT FOP PND WHICH fIELDS A REPEhTING FANDO1 tin,

.11)1) ki:0 i1CA.1E14CE :01WfsTATEMENT 140;
110 pEm ..s.....**4.................****************4,*

, .

(in.nASIC)

, 16:
_

120 REM
FNR SHOULD GENERATE A REPRODUC1BLE,4QUENCE.

14(1 DEF FNR(W=RND(..N.)
050 LET N=FNRt-1)

PEN-- KO IS.THE GRAPH LENGTH,IT SHOULD PE <= Sa OF. ARRAY L IN DIM
IF41L[10,201

LET-toeo
DATA

200 LET S-=0
210 PRINT 1A8(14);"..THE CONCrPT OF EQUILIBRIUM+.+";LIN(1)
.220 PRINT THE PURPOSE OF THIS PROGRAA`IS TO HID YOU IN"

PRINT. "UNDERSTANDING IHE CONCEPT OF EIDOILWILIM.- Tit GAS FOOS"
240 PRINT "REACTION DISCUVED IS";LIW1);TAB(15);"A <=> B +
250 PRINT "FOUR PICTURER WILL E RHOWN 1..IHICH WILL REPRESENT THE SYSTEM"
260 PRINT "A'7, TIME CHANGES', BEGINNING WITH'TIMU T = 0."
2,70 PRINT "CHOOSE THREE JIMES IN MINUTES 'AFTER TIME ZERO) 'THAT YOU"-,
:71.:0 PRINT :A0OULD LIKE TO SEE, AND ENTER THPSE TIMES ('SEPARATED BY"
290 PRINT "COMMAS). AFTER 1HE, QUESTION MARK APPEARS 7- E.G. ? 2.4,6"
300 GOTO 340
31(1 PRINT KW LET US CONSIDER STARTfNG WITH SUBSTANCES"
320 PRINT "B AND C AND OPERVE HOW THE-SYSTEM ATTAINS EQUILIBRIUM."
330 PRINT :;IRS BEFORE. CHOOSE THREE TIMES. YOU WISH TO OBSERVE."
340 PP NT LIt0:"PLEASE ENTER THREE TIMES IN ASCENDING ORDER";
350 L Tf1)=0
3(1 INPUT T[21,T[3].T[4]i,

.-'370 IF TC21=T[31 OP TC:31>=T[4] THEN 340 -

300 PRINT
- 320 LET 5:=+1
400 FOR I=1 TO 4
410 READ A-
420 LET F=KO-A
430, LET C.=11
440 LET T=A+B+C
450 MAT L=ZEP'
460 'REM \

REM;i0:P> CHOOSE PANDOk XAOORPINATES IN A 10.K0 BOX.
400. REM
490 FOR .11F1 TO T
500. LET S1=INT(100-NR(1)+1)

LET SINT<KOFNV(1>+1)
520 IF 1ISIIS214 THEN 550
530 _LET S2=S2+1-77NT<O32+,1)/K0)*K0+1
540 GOTO 526

.

550 LET LCSI,S2)=1
-560 IF Il<itA THEN 600
570 LET L[SI.S7]=2

- 580 IF .11<=K0 T EN 600
590! .LET.L.E1,S2 =3
600 NEXT III.

t

9E;



S.

6.1 CI PEN ,.. .. \
620 PEM:i)>?>---PRINT A PLOTURE OF' THE SYSTE-M..,-

. .-, e'. r
. .

,_. .
:

,-A 0 GO'S UB 890
650 FEW 11=1. to t o' 4

660 PRINT '. ;
,.

FOP' 2=1 TO.' k: 0 . ,, t
r

i.6 77 0
% fi. 6 E: 0 IF L. [ I 1 ..1-2] > 0 -1-1.-iri 71 0 ,

."- t09 PR NT : ..

70n CTITO 7k30 -1.1
T-' A .>t IF L C I-1 -.1.,21 1 THEN 740-.,

1:':PP1NT "A .;;
7;y0. GOTIT 780 a "ki740
75 .P INT "B "1

IF LIU! 1 2 1 .> 2 770
0 P

750 '130T0 780 ..,

:
pp I NT -.I; 74

72.0 . NE:scT 12 i:
7 9 n PRINT "*"

.-.--800 NE:,:T I 1 .* .

81 0 Girlit 890 , .i . ----------'
020 `P.INT LIN (1) ; TFiB.(5) ; "TIME- 17 m ; ': mIMUTES. ":41,,IN(.1).
87:0 NEXT I : A . ,4`"` ,

A

340 PR I NT . HOW DO THESE. PIIrTUR. DIFFER? HOW 'ARE' THEY S Ifl ILI:W.?"
850 rP.1 NT *ANSWER THESt QUU.3.T1_011S" Irt':YOUR' SJUDENT GUIDE OP, -ON :A 7
RE 0 PR tNT "c,"EPARATE P IECE- OF PAPEF? t.

CI ; L IN C1') .

..

,::70 Tr. :.?-. 2 THE.N r3.10
R S 0 ': T UP

.. .,. .. ,...._,., .._... A . I

$ 4. , ,I4I

?.90 PEM,.4,4:****44.4,4.4o*t****.;K:yllPopTIN ITINT5 ITFTRS-lt,t4.40*******4***
9 0 0 k_ E T ': sft---- ( fr. 0 40 2 ) 4. 3, 7 '-et:-. 7...i-- ...'. .:'::;if.,ti',.`` '-'

,-- ., .. ... ,._1)-' . 4 . .4 . .i '.... 4 ..

910 FOR I1. TO
90 F'PINT "± :

.930 NEXT 13
940 PRINT
950 RETURN
.7450 E,ND

N.

V ,



1 I.

OA

1.1

2.3
3

3.011
3012

/1.011
3.01.4
3.015
3.02.
3.03
3.04
3.05:
3.06
3.07
3.08

3.091
3.092
3.093
3.094
3.095
3.096
3.097
3.008
371
34.01
3.11

32.2.
32.5 -

32.4
32.5
32.6
12.7
32.0
12.9
32.901
12.90e

32.911

Me. 921
32..93

F.1

18

EQSIN Pvogvdm (in FORTRAN)

DIMENSION
DIMENSION
DATA Ada,

1154,124'812
. DATA CliF

50 F0RMAT041
62 FORMAT(tH
64 FORMATUU
65- veRmAT(ig

,FORMAT(1
67_ FORMAT(1H
51 FORMAT(tH
52 FORMAT(IH
53 FeRMA1k1H
54 FORMATOM
55 FORMAT4JH
56 _ 4f0RMATUH
57' P0RMAT(11f
5(LI FORrATUH
59 FORMATUH
60 FORMAT4IH
61 FORMAT(AH
63 FORMAT(1H

NSF4
.141R1

M2r4,-
NV,e20
WRITE(6,50)
ibOUNT=0
WRITE1t51)

NX(100),Y(100),SORTN(100)
A(0),B(8)1C(8),T(4)

L2sCO,CL2/2HA ,2118 i2HC
,4" THE PURPOSE OF THIS

12.'124/

PROGRAM IS TO.A/D').
o 'HOW-DO THESE PICTURES DIFFER71/)-
, ' NOW LET U$ CONSIDER.STARTING WITH')
, 'SUBSTANCES B AN,DC AND OBSERVE HOW.THE')
, 'SYSTEM OBTAINS EQUILIBRIUM. AS BEFORE')
, 'ENTER T1,T2,AND 13 IN MINUTES')
, 'YOU IN THE UNDERSTANDING OF THE CONCEPT°)-
, 'OFCHEMICAL EQUILIBRIUM. .THE GASEOUS')
, 'REACTION DISCUSSED ISI.A'w B + C').
, 'FOQR PICTURES WILL BE,SHOWN
.,'REPRESPIT THE SYSTEM AS TimE CHANGES!).
..°BEGINNING WITH TIME.EWAL MR0o.CHOOSE')
o 'THREE TIMES(IN MINUTES)'FOR WHICH YfU')
,!WOULD LIKE-TO SEE PICTURES air THE. SYSTEM')
...'AND ENTER THESE ,TtMESs. T1,T2,T3.°)
, 'UNCLUDE,THE DECIMAL POINTS)°)

#1 12 T3'/) "

o 'HOW ARE THESE PICTURES SIMILIARTV)

-6,52)
'VRITE(6;53)
WRITE(4454)
WRITEC6,85)
WRITE(6,56)
WRITE(6,57)
,WWITE(0,58)
W1ITZ(6,59)

.gr(1)8110.4,

LSr5
.

WRITE (6,60 )

1 Pg.

XP1,1,23.

WRITE(42,61).
5

91

s:!. 4

READ(5,91)L0101,IIIIN1aNS)
FOR4ATL3F5.0)

:

,-.

t

',..

.

.*--

DO 3 101,144 -.
...i, .

....: f.A



32.
::, 32.

32.
32.,

_ 32.
32.
32*
32:
32.

;33.' 34
\"-

-.' Ok.

31

95 NXC I.)=0

19.

4:.

97 3 Y( I )1.0:
98 CALL SORT (u, Y.. T, 4 )
99. , DO. 99 KO111* M2
991 NAIRA(RO )
992 '/N13r.B(1<0 ) .

993 NCUC(KO)
994 NTOTIFNA+NI)+NC. .

995 . DO 11 II,NA
. 1.1 YC I )eaCO.CL2 ,.

NS !RNA+ I.
NTRNA+N13
DO 12 I =NS INT

12 Y( I )1=C0 .
-s. .'s .. . . 38- ;s !' NS uNA+NB+ I

39 4.V'. '. DO 13 I NSINTOT
''40 13 \ Y( I),NCL2_,

:,.. ' "N--.1-:I-. 41 . DO 14 I51,NTOT. l
42. 2.! 1: !..i. CALL JOHN ( X15, YZL )
40 , '''''' NX( I )=NcrmL .i. I, . , .'? r

CALL JOHN (XP* YZL)
A

, 44: flk".` ':-.. 1 4 SORTN C I )1nYZL,

A 44. 2', CALL SORT MX, Yi f/JRTN, NTOT
4' .,,.,,D' ., 45. 1 CALL 'PLOT(NX*Y*SORTN*NV*NIT*T (LS -KO) ), , ,

'J .): ..ixe' 47 Oitl 99 CONT I NUE.,, 4,. 47:01'1, ',' WRIV(6,62), ,
-t, '147.01, ! VR I Tr(6*.63 ) .

, -; : i 1,., ,.47. 02.iti IF(NCOUNT.EO. 1 )STOP
NS !IA

'11. '',4i7'.1- ikk-4:1F0t 2 NI2
.

-,-: ,.. )4,. : I2
,;;;447 Oa', '!':-'f,, . MR =8 %

`I''''47 O'.. 'A:A' M11115
1 ,

s ..A7 031 : , NeOUNT=NCOUNT.-9
;3,-;-47 041 !: : LSO

;11C
1 '117 .0 05 e .-:.'. * VIRITC6,64) .

-;,-A 'b 053 '1' WhITE (6.055 )411; " 4

"47 a 054 .. _,'+':) A. WRIT1I(6,66)
4.:

44"2.. 055s : 14',f .3 WRITE(6* 67 ) i

. 1111*°5 fitA '4: WRITE C.6, 6 1 )
fil.,.. 06

-

1" ...r,,..,;, T (.1 YiBO. 0
4 : 07 ;:'!',": : GO TO 5..

-,, ,
47". . -''-'); ,-END .

.-...' SUBROUTINE SORT CNX, Y.: SORTNATOT k, - os .2.

49 ...:,k .; -DIMENS ION NX( I )..Y( 1 )*SORTN( I ) 14
S.

ss ,...

, .;,5'43 -_,.i4;1;1. ' -. ,,. ', OM"NTOT.r. I .

12.:: , ,:.; . -4,;: ,DO, ,1. Ili!, NM
'5. V'171:/.1.' : '.'.4' X0Nt1/+1..-7,, i ., . , . ___.

\ rit ''-''`% ' r!'elPia I KIIIKOONfOT
;4j 4SORTN ( IC) LT. SORTN"( %I) )GO TO I

.... .55 -:.7-:'''-.....i _1: ; S!Iii$ORTNCR)
56' Y., :.1...- .30(K)

!-, ::. 0,0)c(K)
58 ',...i 44;0 cie00-*.,, y(J.)
59 .

:'',.. .. Af': 4
' 7:' - . , ' 4L ,--

'

. :



60
61
62
63 '

64
65
66

68
69
70
71
12
72.1
73
74
74.1
75
76
77
78
79
80
8A.1
81
82
82.1'
81
84
,84.1

84.2
84.3
84.4
84.6
84.7
84.0_
84.01
84.9_
84.9\1

84.92
84.93
47.

OS
094
90
91
91.1
91.2

93
93.1
94.

94.1
94.2
95

SORTN(K)-SORTN(J)
Y(J)40YS
SORTN(J)ImSS
NX(J)eNS

1 CONTINUE
RETURN
END
SUBROUTINE PLOT(NX,Y,SORTN0NVoNTOT,T) .

DIMENSION NX(1),Y(1)'sBOX(25),S0RTN(1),NE5(25)
DATA BLANK,SLASH,SINE/2H .2H* .2H**/
DO 1

1 BOX(I)=BLANK

DO 2 Ilm1.,NVP
2 BOX(I)mSINE

13OX(NV+3)wSLASH
WRITE(6,5)(BOX(I),Im1,23)

5 FORMATUH .23A2)
DO 3 /t=1,25

3 BOX(I)11BLANK
10,1

.1x0.7 1.1'11,.10

B0X(1).2SLASH
B0X(NV+3)=SLASH
IF(K.GT.NTOT) GO TR 6-
TEST=1..1*L

4 IFtS0RTN(k).LT.TEST)G0 TO 6
IF(IC.E(1.0)00 TO 16

14 DO 18 11111,1C'
IF(NESCII).EQ.(NX(K)+1))G0 TO 17

18 GONTINUE
16 BOXCNX,00+1)10Y(K)

ICuIC+1.
NES(IC)nNX(104.1
1011C+1

IFCK.GT.NTOT)00 TO 6
GO TO 4 .

17 IF(NX.(K).EA.R2)NX(K)211
NX(K)=NX(K)+1
GO TR 14

6 WRITE(6.0S)(BOX(I),In P23)
DO 8, 11=1,25

BOX64).21BLANK
CONTINUE._
DO 20

20 NESUI)rp
106110 Ist1,14VP

,10. 00X(1.)-SINE
BOX(NV+3?"gLASH. .

WAITE(5).(B0X(I)..../121,23)
WRITE(6A11)T

11 ;IFORMAT(1N ,5X,0T/ME MINUTIW/)
IRET4RN
END .

If

20



96
97 .,

97.1
97.2

. 97.3
.9744
98.1
99

IMO

SUBROUTINE JOHN(X,F)
Xu131.00C:
1rX/16384:
XlI
XrX-XI*16384.
FoX/16384.
RETURN
END.

4.

3

21



22 /

KkO Prnrram (in BASIC)

C.

10 REM By JOHN- mANOCH, WESTERN CAROLINA U.
2.0.PEM wRITTEN AT ILLfNOIS INSTITUTE OF TECHNOLO6Y(CHICAGO) ,

30 REM AS PART OF A mODULE'ON CHEMICAL EQUILIBRIUM.
,40 pEm TRANSLATED FROm FORTRAN TO "STANDARD" BASIC BY
50 PEM R.T.O'NEILL, XAVIER UNIVERSITY (CINCINNATI) JAN...1975
60 PEM F.OP SYSTEMS THAT USE CPT'S (INSTEAD OF PAPER OUTPUT DEVICES.)
70 REM IT IS SUGGESTED THAT LINES 238092570/2660, ANIi 2740 READ
O REM GOTO 2200', AND THAT LINES 35603670,3860 READGOTO 3100'.

90 p.RINT THIS PROGRAM IS DESTMED TO HELP THE STUDENT"
100-PRINT-EMPARICALLY DERIVE THE EQUILIBRrUM EXPRESSION
110 PRINT -GAIN INSIGHT INTO THE CONCEPT OF CHEMICAL EWILIBRIUM.-
120 PRINT ,'GIVEN THE CHEMICAL EQUATION :"
130 PRINT A C"
140 PRINT "THE FOLLOwING EXPERIMENTAL RESULTS WERE OBSERVED <WITH"
150 PRINT -CONCENTRATIONS BEING IN MOLES PER LITER.)"
.160 PRINT TAB(4):"AkINITIAL)-;TAB(,16);-A(EQ)-3TAB24Y4
170 PRINT' "BfEQ)-;TAP(31);-C(E0.)" ,,
1:30 DIM FAC221,C[221
1,=40 POP' 1=,1.1-0 5
200 READ AII) B
210-- LEI

'220, LET 0[1)=B (I)
230 PRTNT TaB(4);xIll:TAB(16 ;AIThTAR(24);BTI);TAB<32);BrIi;
:41) PP INT
250 NEXT

'DATA 0.2.679, ?. 3=27 1 -508, 5.49215, . ?-58. 4. )42
-270 DATA .351.2.649 . 16E1,1. 832
.2!30 PPfNT IT IS POSSULE TO FIND A RELATION AMONG THE EQUILIBRIUM"
29.0 PRINT "CONCENTRATIOOS WHICH DOES NOT CHANGE AS:WINITIAL)"
:.:00 PRINT -IS CHANGED.TRY VARIOUS COMBINATIONS OF THE ECOUILIBRIUM"
310 PRINT "COMCNTRATfONS OF A(INITIAL) TO FIND AN EXPRESSION THAT'
320 PRINT "IS INVAOIANT:-FOg EXAMPLE, R(EQY VERSUS B(INITIAL) :"V

LET N-5
340 GOSUB 1730
350 PRINT "OBVIOUSLY THIS CHANGES, SHOWINTHAT A(EO) IS-
'360 PRINT "DEPENDENT optiri A,ANITIAL)."
37'0 PRINT FROM THE FOLLOWING TABLE. SELECT THE'EXPRESSION YOU"
'1180'PPINT'"WOULD EXPECT TO PE INDEPENDENT OF A(INITIAL)."
390 PRINT f.1) AF_ e.2) B"2"
4.00 PRINT " (COO / (4) C + B"
410 PRINT Y. e5) C/A + p + A"
420 PRINT c7) OTHER"
430..PRINT "WHAT NUMBER DO YOU SELECT";.
440 INPUT S
450 GO.TO 3 OF.460,460.546.610,690,760,830
460 FOR I=1,c40 5

'470 .LET qt11=BeIl+B(I]
:480 NEXT I'
490-GOSUB 1600

GOSUV1730
1.0 PRINJ ':THIS INCREASES MOPE THAN A(E) .AS P.FUNCTION'Or"

'5eo PRINT "A(IN TPY AGAIN."
,-110 6010 4-30 31

V.
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540 FOP N1 TO 5
550' LET C.1(13=20

.5E0 NEXT I

570 GrEyE 1600 . A4

5S0 GUSUB 1730 i

50 PRiNT "TH.N CORRECT. YOU CAN PROCEED TO THE SECOND PART"
600 1-0T0.860
6.1(V FOP 1=1 TO 5
620 LET or1l-a+v(11
67:0 NEXT 1

640 C;O:UP. 1600,A,
650 GOS6P 1730
660 PRINT "THIS IS COMMON MISTAKE BECAUSE aF STOICHIOMETRY."
2.70 PRINT "NOTE THE INCREASE. ,TRY AGAIN.-

60T0,430
f:A0 rOP 1=1 TO 5
700 LET 0111=11111.A111
710 NEXT I

720 CICK-Uf: 1.00
7..30 GMUB 1730

;

FRINI "THIS FUNCTION DECOEAlifES.
750 150TO 430,
760 FOP I=1 TO 5
70 LET CIELIACIJ+2+BrIl
780 NEXT I

7g0 GOME 1600
$00 GOUB i730
810.PRINT

TRY AGAIN."

"THP3 IS A COMMON'MISTAKE BECAUSE OF STOICHIOMETRY. TRY AGAIN-
,

*:20 GOT0.43'0
. .S30 PPINT "DIc,CUS THIS WITH YOUR '4NSTRUCTOR."
840 GOTO L1130
,9)50

,960 PRINT
:370 PRINT YOU HAVE SHOWN THAT FOP THE REACTION:"
8*0 PRINT A = B + C" i 4

390 PPINT "THAT BEGI..).C(EQ), 6,A(E = A CONSTROciT"
900 PRINT "REGARDLESS OF. THE INITIAL CONCENTRATION OF THE REAtTANT A."
910 PRINT
:9E:0 PRINT
90 PRINT
940 PRINT
950 PRINT
960 PRINT
970 PRINT

NOW CONSIDER ANOTHER GASEOUS REACTION :"
,

A = 2B"
"WHERE0TOTH ;THE INITIAL CONCENTRATION:OF A,AND THE YOLUME:'
"OF THE .:N;-J.TtM APE OBSERVED."

TAB(9);"22J,TAB'(23):4-11";TABO;1);
"4":TAB(47);"5";TAB<58);"6"

920 PRINT "VOLUME-;TAB(9):"A(INITIAL)";TAB(23):"A(EGO":TAP(33);
?90 PRINT "Et(E@)";TAB(47"A(E0)";TAB(58);"B(EQ)"
MO PRINT ".5.LITERS)";TAB(9):"............(MOLES)............";
101,0 PRINT TAB(47);"..(MOLES/LITER).."
toao FOP I=1 TO 6 A

1030 READ RIM OR2[1],R3M
1040 LEL21=P2(I)-R3(I)
1050 LET Z2=20;13[11 :

1060 -PFINT R1(IMTAB(9);R2CMTAB(e0aZ1;TAB<33);
1070 PRINT 221TAB(47X;271/R1(64TAB,18);z2/Riln
1080 NEXT I ,

t. 1090 LEI:. 46

\ a

23



214

1 1,

.1100 DATA
itro DATA 3.7,1.1362,4,4,1.5i4.8.5,2.352
1120.PPINT "wHERE coLumNs 2.?, AND 4 APE EXPRESSED IN MOLES,AND COLUMNS"
1130 PRINT "5 AND 6 IN MOLES PEP LITER.
1140 PRINT " DETERMINEWHICH OF THE FOLLOWING. EXPRESSIONS I$,A."
1150 PRINT "CONSTANT INDEPENDENT OF A(INIT) AND VOLUME."
1160 FRINT (1) H.COLUMN,4)/^(COLUMN 3)
1170 PRINT ..,70LUMN 4) SQUARED / (COLUMN 3)"4

PPINT (COLUMN16) SQUARED / <COLUMN 5)-
1190 PRINT." ,4) !CPLUMW6)/(COLUMN 3)-,
42-00 PRINT 0-THER- -

1210 PRINT "WHAT NUMBER,D0 you SELECT";
1220 INPUT '

1230 FOP I=1 TO 61.

1240 LET PCIT=R2CIT
1250 HEM' I

1eo0 60TO s or 1270.1340.1420,1490.1560
1270 FOP 1=1 TO 6
la'60 LET 0LIT=2*P3[1]/(P2(I1-P3CI1)
1290 NEXT I

1300 60SUP 1600
1310 GOSUP 1730
1320 PRINT'"THE FIRST TWO POWS SHOW THAT THIS IS FALSE. TRY AE:AIN.-
1330 17,0TO 1210
1340 FOR 1=1 TO 6
1350 LET Om= (-2P3 m )2/ (P2 ---R3 [I])

1360 NEXT I

1'370 CAr_l_IP, 1600
1380 GOTUF 1730
130 PRINT "COMPARE ANY TWO Paps WITH APPROXIMATELY THE SAME-
1400 PRINT "CONCENTRATION --EX,. Pops 3 AND 4. TPY AGAIN."
141.0 GOTO' 1210
1420 FOP 1=1 TO 6
1430 LET 0CIT=<2*R3CIl/P1CI))**2/f.<R2M-R3CID/R1[I])
144,0,NEXT I ,

L450 GOT,UP 1600
1460 1MOS1JB-1730

. 1470 PRINT "THIS IS CORRECT. CONGRATULATTUNSIU!"
148(, GOTO 2130
1490 FOP I=1 TO'6
1500. .LET 1)(11=<2.R3CH/R1CI1)/2[11-R3r1))/R1CI3)
1510 NE_XT I

1520 GOSUE 1600
, 1530 GOS'Ull 1730

1540 PRINT "NO. JOMPAØE .pokis. 3 AND 4. TRY AGAIN."
1550 150T0 1210
1560 PRINT,,"DISCUSS THIS WITH YOUR INSTRUCTOR."
1570, GMT- 2130
.1590-REM
1599 REM SUBROUTINE SORT
1600 FOR J=1 TO 'N-1,
if;t0 W0x1+1

e



1620 FOR P-K0 TO N
1630 IF OfJiOTK) THEN 1700
1640 LET 09-QTJ]
150 LET P9-P[J1
1660 LET OfJ3=0[K]
1670 LET PIJ]=PtK3
1680 LET O[K]=09
1690 LET PTIO-P9
1700 NEXT k
1710 NEXT J
1720 PETURN
17:0 PEm
1740 PEM SUPPOUIINE PLOT
170 LET 05=k0T.11-QIN1),10
1760 IF 05.0001 THEN 05=1
1770 LET 09=011]

A1780 LET P9=P[I]
1790 LET PO=P[il
1800 FOR J=1 To N
1810 IF PTA>P9 THEN P9=P[A]
180 IF PCJ1tP0 THEN P0=P[J1
1p30 NEXT J
1840 LET P5-.P9-P00,20
1850 LET L=1
1850 FOP J-I TO 10'
u370 LET f4=-"I"
1880 FOP P=1 TO 21
1990 LET CCP3-0
1900 NEXT It

1910 LET 75=09-0.05
1920 , IF L N THEN 1980

IF 0CL)-T5 THEN 1980
1940 T N5=tP(U-P0N,P5+.1
190 LE 5+11=1
196.0 LET L=L+
1970 GOTO 1920
1980 FOR It.,=1 TO 21 ,

1990 IP ClIt]1 -THEN 2020
2000 LET ES=14+"
2010 GOTO 2090
2020 LET 14=14+-0"

'30 NEXT it
2040 PRINT TAB(2);BS 0
2050 NEXT )

2060 PRINT TRB(2);
2070 FOR J=1 TO 20
2080 PRINT ".";
8090 NEXT J
2100 PRINT
2110,PRINT " A<INITIAL) -->"

RETURN,

p.
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1 el

2
2.1
-3

4
4.1
4.2
5
6
7

_9
-113_

11
12
13
15
16
17
18
19
20
22
23
24
25
26
27
28
29
30
32
39
34
35
36'
37
38
39
40.2
40.3
,40.4
40.6
40.7
40.8

'40.91
-, 40. 92

40.93
40014
40.95

- 40.99
40.991
40.992
40.993

26
REQ Program (in FO4WRAN) .

DIMENSION X(5),Y(6),A(5),B(5),R1(6),R2(6),R3(6)
DIMENSION Z(6)
DATA X,A,B/10.,7.,5.,3.,2.#2...679,1.508...856,.352i

/.168o7.320,5.492,4.142,2.649,1.632/
DATA RI.R2,113/2.,2.0...3...4...4.,3.5,10.4.0,70..4.,

/6.5,1.05,1.906,1.530,1.662,1.5.2.352/
100 FORMAT(IH ,' THIS PROGRAM IS DESIGNED TO HELP'THE''')
101 FOIIMAT(1H ,'STUDENT EMOIR;CALLY DERIVE THE ')
102 FORMhT(IH ,'EQUILIBRIUM EXPRESSION AND GAIN INSIGHT')
103 FORMAT(IH ,'INtO THE CONCEPT OF CHEMICAL EQUILIBRIPM0')
104 FORMAT((ti ,'GIVEN THE FOLLOWING CHEMICA REACTIONt')
_105 FORMAT(IH A. se B + C°)

_106 FORMAT(1H J'THE FOLLOWING EXPERIMENTAL RESULTS WERE')
107 FORMAT(111 ,'OBSERVED.(CONC. IN. MOLES/LITER)')
108 FORMAT(IHO,' A(INITIAL) A(Etp, B(EQ) 'C(EQ)°)
109 FORMAT(IHO, IT IS POSSIBLE TO' FIND' A 'RELATION AMONG'),
110 FORMAT(IN ,* THE EQUILIBRIUM CONCS.WHICH DOES NOT')
111 FORMAT(IH ,'CHANGE AS A(INITIAL) IS CHANGED.TRY')
112 FORMAT(IN p'VARIOUS 'COMBINATIONS OF THE MIL. CONCS.°)
113 FORMAT(JH o'AS FUNCTIONS OF A(INITIAL) TO FIND AN')
1.14 FORMAT(JH ,tEXPRESSOM WHICH IS INVARIANT.°)
J/5 FORMAT(.010,'FOR EXAMtLE: A(EQ) VERSUS.A(INITIAL)!/)
116 FORMAT(1H0,'OBVIOUSLY, THIS CHANGES SHOWING THAT')
117 FORMAT(tH ,'A(EQ) IS DEPENDENT UPON A(INITIAL)')
118 FORMAT(IHO,'FROM THE FOLLOWING TABLE SELECT THE')
119 FORMAT(IH ,'EXPRESSION YOU WOULD EXPECT TO-BE').
120 FORMA;(IH ,'INDEPENDENT OF A(INITIAL).')
121 FORMAT(000' <1) (A*13) (2) (B**2)')
A22 FORMAT(1H , (3) (D*B)/A (4) cc+pot);
f23 FORMAT(IN ,* (5) (C/A) (6) (C+151.+A)e)

124 FORMAT(1H fe (7) OTHER')
125 FORMAT(IH o'ENTER YOUR SELECTION.°)
126'3°' FORIIAT(IN o'THIS INdREASES MORE THAN A(E(3) AS A')
127 FORMAT(IH ,'FUNCTION OF A(INITIAL)1)
128 FORMAT(IH pTHIS IS CORRECT. PROCBED TO 2ND PART.t)
129 FORMAT(IH -,'THIS IS A COMMON MISTAKE BECAUSE OF')
131) FORMATC1H ,'TRY, AGAIN')
131 'FORMAT(IN ,'STOICHIOMETRY.NOTE THE INCREASE.*)
132_ FORMAT(IH m'THIS FUNCTION DECREASES')
201 FORMAT(IN s'YOU HAVE SHOWN THAT FOR,THE REACTIONO)
.202 FORMAT(1H0,' A 0

203 FORMAT(IHO,' 'B(EQ)C(EQ)/A(Ea) 16 CONSTANT')
204_ FORMAT(1HO,'REGARDLESS OF THE INIT/AL CONCENTRATION')
205 FORMAT(IH ,OF REACTANT A')
206 FORMAT(1HW NOW CONSIDER'ANOTHER TYPE OF GASEOUS MG')

,207 FORMAT(1HW A 0 '2B)
208 FORMAT(IHO,'WHERE BOTH THE INITIAL CONCENTRATION OF A')
209 FORMAT(1H.,AND THE VOLUME Or THE SYSTEM ARE VARIED.°)
RIP FORMAT(IN o'THE FOLLOWING EXPERIMENTAL RESULTS WERIVI
211 FORMATUR s'ORSERYED.')
212 FORMAT(11i0,' 1 2 3 4 4 6')
-213 FORMAT(1H s'VOLUME A(IN/T) A(EQ) El(EQ) A(EQ)' B(EQ),.
214 FORMATUH a° LITERS ( MOLES ) (MOLES/LITER),
215 FORMAT(00,'WHERE COLUMNS 283,SAND 4 ARE EXPRESSED IN')
216 FORMATLIH a'MOLES,AN9 COLUMNS 5 AND 6 th tisuss/Ltmo)
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404994 217 TORMAT(1H p'DETERMINE WHICH OF-THE FOLLOWING EXPRESSIONS
40.995 218. FORMAT(1H ,'IS.A CONSTANTS'INDEPENDENT OF A(INT) AND VOS
40;996 220 FORMAT(111 Pt (1) 4/3 .(2) (4**2)/3')
40.997 221 FORMATUH Pt (3) 6**2/5 (4) '6/5')
40.998 222 FORMATC1H Pt (5) OTHER')
40.999 WRTTE(6,141

WRITE(6,1 )1

4)
42. WRITE(6)102)
43 WRITE(6,103)
44 WRITE(6,104)
45 WRITE(6;105)
46 WRITE(6,106)
47 WITE(6,107)
4$ WRITE(6;108)
49 DO 1 101,5
50 1 WRITE(6;134)X(I),A(I))B(I),B(I)
51 134 FORMAT(111 ,F6.1,4X,F10.3,2F8.3)
52 WRITE(6,109)
53 WRITE(6,110)
54 WRITE(60.1.11)
55 WRITE(6)412) -

56 WRITE(6,113)
57 WRITE(6,114)
58 -WRITE(6,115)
59 CALL PLOT(C,8,5)
60 WRITE(6)116)
61 WRITE(6)447)
62 WRITE(6,118)
63 WRITE(6,119)
64 WRITE(6,120)
65 WRITE(6,121)
66
.67 'WRITE(6)123)
68 WRITE(6,124)

.

69 WRITE(6;125)
70 2 READ(5,1a5)/NDEX....

71 135 FORMAT(II)
72, IF(INDEX4)10,11,12
73 0 1F(/NDEX.2)7,7;9
74 £iAIJ12 IF(INDEXn6)13,14,15
75 7 DO 17 1=1,5
76 Z(I)X(I)
17 17. Y(I)-13(I)*8(I)
78 CALL SORT(.Y;S)
79 CALL PL0T(Z0Y,5)
80 WRITE(6,126)
81 AiRITE(6,127)
02 WRITE(6,130)
83 WRITE(6,125)
84 GO TO
05 9 DO ,19 In1 5
86 Z(I)FX(I)

WRITE(6,122)

67 1 . YC 1)1020. . .

88.R CALL SORTM.Y,5)

34_

.



59.1 gam PLOT(Z,Y,5)
90 WRITE(6,128)
91 GO TO 199
92 11 DO.21 /121.5
93 Z(I)rX(I)
94 21 Y( I )12*13( .

95 .CALL SORT(.Y..5)
96.1 CALL PLOT(Z,Y,5)
97
98 ,

..99
-100
101
1.02
103
104
105
106
-107
108
109
110
111:1

111
112
113
114
115
116
117
.118
119
120
121
122 _
122.1
123
123.1
123.2
123.3
123.4
1234
123.6
123.7
1234
12349.
123.91
123.92
123.93
123.94
123.95
123.96

WRITE(6,129)
WRITE(6,131)
WRITE(6,1304--

.

WRITE16-01251
GO TO 2 _ '

13 00.23 11.'1,5
Z(I)X(I)

23 .Y(I)203(WA(1)
CALL SORT(Z.Y..5)
CALL PLOT(Z,Y,5)
WRITE(6,132).
WRITE(6,130) 4

WR/TE(6,125)
60,10

14 DO 24 1=1,5
Z(I)rX(I) , If

24 Y(1)=A(I)+240p(I)
CALL S0RT(Z,Y,5)
CALL PLOT(Z,i',5)
WRITE(6.129).
WRITE(6,131)1
WR/TE(6,130i
-WRITE(6,1251
GO.TO 2

_15 WRITE(6.136)
136 FORMAT(1H,,'DISCUSS THIS W/TH YOUR INSTRUCTOR0),

GO 70 200
199 CONTINUE

.WRITE(6,201)
,

WRITE(6,202)
WRITE(6,203)
WRITE(6.26%)
WRITE(6,205)
WRITE(6,206)
WRITE(6,207)
WRITE(6.208)
WRITE16.209).
4RITE(6;210)
WRITE(6,211),n
WRITE(6,112)
WR/TE(6,213)
WRITE(1414)
D0_300.Ilig11,6
Z1=R2(1).013(I)

28



123.97
123.98
.123.99.
123.991
123.992
123.993
123.994
123.995
123.996
123.997
123.998
123.999
124.1

124.3
124.4
124.5
124.6

124.81

124.91
124.92..
124.921
124.922
124.923
124.924
124.93
124.94
124:95
124.96
124...97

124.98_
424.981
124.982
124.983
124.904
124.985
124.986
124.99_ 2.63'
124.991
124.992
124.993
124.994
124.995
124.996
124.997
124.998
124:999
125 -

00.11
120.12

Z21.2*113(I)
Z3=Z1/R1(I)
Z4=Z2/R1(I)

300 WRITE(6,225)R1(I),R2(I),Z1,Z2,23,Z4
225 FORMAT(1HF4.0,6X,F6.2,2X,4F6.3)

WRITE(6,215)
WRITE(6,216)
WRITE(6,217)
WRITE(6,218)
WRITE(6,22Q)
WRITE(6,221)
WRITE(6,222)
WRITE(6,125)

25Q READ(5,25)1INDEX
251 FORMAT(I1)

IF(INDEX-2)260,261,262
.262 IF(INDEX!..4)263,264,065,
260, pe 270 I-1,6

Y4.1)=2.4(133(I)/(R2(I)-R3(I))
270 Z(I)=R2(4)

CALL SORT(Z,Y,6)
CALL PLOT(Z,Y,6)
WRITE(6,226) -

226 FORMAT(IH o'FIRST
WRITE(64130)
WRITE(6,125)
GO TO. 250.

(261 po 271 .1=1,6
Y( )=,(2:*R3(1))**2/ (R2(I ).*R3(1 ) )

.271 7.(4)=R2(I)
CALL 0RT(Z,Y,6)

4 CALL PLOT(Z,Y,6)
WRITE(6,227)
WRITE(6,228)

4

ti

TWO ROWS SHOWS THIS IS FALSE')

227 .FOR.MAT(1.11 ,'COMPARE ANY TWO ROWS WITH APPROX.!)
228 FORMAT(la o'THE SAME. CONC.*E.G. ROWS 3 &A')

WRITE(6,130)
WRITE(6,125)
go TO 250_
po 273 1=1,6'
Y(I)12(2:=R3(I)/R1(I))**2/((R2(1)R3(I))/Rt(Ii:

273 Z(I)=112(I)
CALL $0RT(Z,Y,6)

,CALL PLOT(Z,Y,6)
GO TO-279_

-264 P0.274
Y(/)=(2.*R3(I)/R1(I))4X(R2(I)--R3(I))/R1(/)?

274 Z(I)11112(I)
CALL S0RT(Z,Y6)
CALL PLOT(Z*Y,6)
WRITE(6,231)

231 FORMAT (1H * 'NO. COMPARE. ROWS 3. AND -0),
11,

125.13
125.14
125.2 265

WRITE(6,130)
- WRITE(6,125 )-
GO TO' 25p
WRITE(6,436)

'

r.



125.3_
125.31
125.32
125.4
125.5
126
127
128.
129
130
131
132
133
134
135
136
137
138

_439
140

142
A43
144
145
145.01

146
147
148
149
150
151
-152
153

154
155
156

,157
159
160
161

162
16?

165
166
167
168
169
170
171 _
171.1

172

30

. .

279 WRITE(6).229)
229 FORMAT(111 p'TH/S IS CORRECT. CONGRATULATIONS.
280 STOP

END
SUBROUTI1SORT(X,Y,NPTS).

ft

DIMENSjON X(1)..Y(1)
NM-NPTS.r.1
D0.5
1(041J+1.

DO $ K=KO,NPTS
IF(Y(J).GE.Y(K))G0 TO 5.
YS,rY(J)'
X5rXXJ) -

-Tti1)7YCK)--:
,X(j)611C(K)
Y(K)=YS
X(K)'XS

5 CONTIPUE
RETURN-
END

SUBROUTINE PLOT(X,Y)NPTS) v

DIMENSION X(1),Y(1),BOX(25)
OATA BLildiK)SLASN)STAR,CIITCLE/IH
YSCALu(Y(1,)4(NPTS))/1Q,..
-IF(Y5CAL.LT.:0001)YSCAL4U.
YMAXrY(1)
XNAXFX(1)
XMIN=X(1)
DO 2 Jukl,NPTS
IF(X(J).GT.XMAX)XMAXrX(J)
IFOC(4).LT.XMIN)XMINuX(J)
XSCALw(XMAX-XNIN)/20.
1.01_
DO 10 J*1)10 ,
DO 6 XF.2022

,6 BOX(K)FBLANK'
BOX(1)uSLASH
SLIBJ

I

TEST=YMAX-SL*YSCAL._
IF(i..6T.NPTS)di TO 10
IF(Y(1.0.L.TEST)G0 T0_10
NIECX(L)-XMINVXSCAL+.1
BOX(N42)!PICIRCL
1.,311.+1

*T0

IOT WR/TE(6,15)0110XCII,I=1,22)
15 FORMAT(JH .1X,22A1)

Do 11 Jli140
11 BOX(J)-STAR

WRITE(6r..16)S130X(I),V01,20)
It TORMAT(11.1 ,2X,20A1)

WRITE(6i17) _

17 FORMATC1H ACINITIAL)t)
RETURN
END

_

3'7
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