Reversible Reactions & Equilibrium

o Typically when we think of a chemical reaction, we think all the reactants get
completely used up and are only left with new products

e However, many chemical reactions are reversible under the right conditions,
which means the forward and the reverse reaction can occur
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A double headed arrow indicates when a reaction is reversible

e Example:
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Since the reaction continues in both directions (forward and reverse) at the
same time, we never run out of either NO, or N;O4. NO3 is continually
being used to form NOs, but at the same time N0, breaks down to form
NO;

e Another reversible reaction is dissolving salt in a beaker of water:
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If more and more solid salt is added, eventually no more salt will be able
to dissolve and the excess salt sits at the bottom of the beaker (the
solution has reached the point of a saturated solution)

Has the dissolving reaction stopped? M|

The saturated solution has reached a point of equilibrium. Both the
forward reaction, NaClsy —> Na®aq) + Clag and the reverse
reaction, Na*,q + Claqy — NaCl) occur at the same rate.

The solid NaCl dissolves to produce aqueous ions, but at the same rate
and time, those aqueous ions recrystallized to form solid NaCl. Therefore,
there are no observable or measurable changes in the system.

% o Equilibrium is the state at which the rate of the forward reaction equals the rate
of the reverse reaction. At the point of equilibrium, no observable or measurable
change can be made.
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Equilibrium has nothing to do with equal amounts of reactants or products
The forward and reverse reactions continue at a molecular level even
thought the reaction appears to have stopped at a macroscoplc Ievilm sl
In order for a reversible reaction to reach the point of equilibrium, the © v pusnan
reaction must be carried out in a closed system (no additional reactants or €ye

produces can be added/removed) at constant temperature.
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e EXAMPLES:
o In a sealed aquarium, the liquid water and vapour water are at equilibrium

as long as the temperature doesn’t change
o A carbonated soft drink is a closed system where carbon dioxide gas and
Demo | dissolved carbon dioxide are in equilibrium. This equilibrium is distributed
G when the bottle is opened and a new equilibrium will be established

 Since a system at equilibrium can have different amount of reactants or products,
a reaction at equilibrium can either favour the product or reactant side.
o If more reactants remain than products, the reaction favours the reactants
o If more products are produced, the reaction favours the product side

ExaMPLE: The reaction between hydrogen gas and iodine, Hag) + l2@aq > 2Hl
came to equilibrium and the concentration of all species were measured. Hydrogen gas
and iodine had a concentration of 0.022mol/L and hydrogen iodine had a concentration

of 0.156mol/L.
o The Pfoduc+t side of the reaction is favoured

o A Graphical Representation

REACTION OF HYDROGEN AND IODINE AT 448°C
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o If the product Hig) was removed as it was formed, would the system reach
equilibrium?
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***Now try Practice Problems***



Practice Problems: Reversible Reactions and Equilibrium

1. What is the difference between macroscopic and microscopic properties?

2. What must occur to create an equilibrium?

3.

4. Write reversible reactions for each of the following situations (be sure to balance

What is happening on the microscopic level during a dynamic equilibrium?

your equations):
a. Hydrogen iodide gas (HI) decomposes into its elements.
b. Hydrogen and nitrogen gases combine to form ammonia gas, NH;

If the system represented by the following equation is found to be at equilibrium
at a specific temperature, which of the following statements is true? Explain your

answers.
H20(g) + CO(g) «» Hz () + CO2 (g)

a. All species must be present in the same concentration.
b. The rate of the forward reaction equals the rate of the reverse reaction.

For a chemical system at equilibrium:
a. What are the observable characteristics?
b. Why is the equilibrium considered “dynamic™?
c. What is considered “equal”’ about the system?

A chemist places a mixture of NO) and Brz in a closed flask. After a period of
time, the flask contains a mixture of NO(g), Brag), and NOBr). Explain this
observation.

When a damp towel is hung on a clothesline in fair weather, it will dry. The same
towel left in a gym bag will remain damp.

a. Using equilibrium principles to explain the difference.

b. Is a running clothes dryer an open or closed system? Explain.

Is the following statement true or false? “If a chemical system at equilibrium ina
closed container is heated, the system will remain at equilibrium.” Explain.

10. Slush is a prominent feature of Canadian winters. Under what conditions do ice

and water form an equilibrium mixture?

11.A sealed carbonated drink bottle contains a liquid with a space above it. The

space contains carbon dioxide at a pressure of about 400 kPa.
a. What changes are taking place at the molecular level?
b. Which macroscopic properties are constant?



12. For each example, indicate whether the reactants or products are favoured.

a.

b.

An excess of solid copper reacts with virtually all of the silver ions in a
sample solution.

When a solution containing calcium ions is mixed with a solution
containing a large excess of sulphate ions, a precipitate forms, but test
indicate that a small quantity of calcium ions remain in solution.

When acetic acid is dissolved in water, the acetic acid molecules react
with water molecules to from hydrogen ions and acetate ions. Careful pH
testing shows that about 980 of every 1000 acetic acid molecules remain
in their molecular form, at equilibrium.



5

RC\JCYS;\O\C RXOS % Eic4“\.‘\9(‘,v4um

l‘) macroScop,'c ,0(0 /J(zr ties OCCwe On %af?(/ emo“é"’

sca i b be Obsersed hﬁr fre nalccd  Mmnan
Cue.

mu‘c roscope pPropec ‘h‘(?j, DClaf -ar P~ Molecale

‘Q) /’\V\ E@(A i II: er ~ o 20w r LA a C/O.ST.’C,/

_{»%}Sf‘l‘.’m ot - CON S)‘qmﬁL )th’ss{/\r-e_ and
}tmf{‘r’o\‘hr@.
3.) a\ ﬂ‘ﬂ mlC(QS(WI\L d@ U'(‘,Q 0(“ f;,,ﬂ/”i% €c; L’“v/’ &fl’&«fﬂ;
occu 0 9 at a3 Serme  (ate,

o e M, e T == 2T
Y 23H, + N & 2ANH,

5-) o\-) F;\I.Se. At CZM"/'&("MW\ ’fN (_on(an‘(q“j")b,,j
| ons font,  but they do nok neecd 19
, b{’ @?M“t i\ OnL crothe o

%) TR TR S e olefnben of
. Qﬁ&'f‘w ,l‘iﬁfﬁn;dm,
6) o) M eguhibiiam flhere  Are Vo pacroscaop

obseruahons.,  The sLagffm appears o rema.n
MACL\ﬂﬂg&do

.b'5 Dxd(\am.“t eiu.\{bm&wx becauwse &t &
molecnler Level He Lol ongl reletes

Cxn C.,or\H(\uke_, 4\)‘ bod ot e%,MA—Qu (ad‘cS

N The rodes O'{* f’%ﬂ Cormwercl ornd (eyelie . are é?/ua,f.



7‘> The Contomer s at C%L/n [1 ‘b( filh e

Q/\)O ¥ &fL V"—_-:—'A ""?/Uoﬁf‘

T]’W iyfx & X fi& (NS LNM.:‘L(}‘ b L’)i‘% P{'"ﬂ 52£{f8 C lg‘i«, Fap 1«.*'13‘{
CeoYun 3 Gc e presend b /c bo fh
He dFocwardd 4 reverse T X are }“a’,\fc{/\?

pa%cté

95 0\~\ The {“OWT..Q on & cfofhe e it B
L ope £y Steoan | THe  wamiter o e o dowped
w\“tl nNeuer ke '~ 621/‘, I ‘br'"h{ v w i~ e

W O \‘C ¢ NG fu % o/c fle L~ ;“r\d, G AR @ PS f’fﬂ&

o Ve o s ANCG 7 ﬁ"L wba bt i

Ve 4o voed wi U< A P Wé”{% sl o ve pora e
T fhe G¢ N baa % ;i A ORTR closed

6\O sV aed e o vepour wi il

{‘.’,.S,Jr‘li,bhi\’\ an 57(,,,’/1 bt m pmeh 1< fC’V»’f/(
will  remem damp.

b') A clofles dr £ by 0n. 00en 3\65 be
b/ of H"(» ouwts, W”‘\{' . T s i w"»a
clo {4‘?3 d TB (~ & O/KW( p N a n egu flariiu s
b/w W V"a("(/ ”‘pd{ WG(“’/ Vo(awr' Ca
Neuer be estalolis hed .

CIB Fa\sc, C‘r\&(\gﬁ'—g Yo )Bmfaa\f}'wc uft'” Cﬁ\e‘/\%
ﬁ/‘g 6;,(/{//! b(/lv\/".

10) Sk il form ot O°C when tabee con
‘ —F(u ZC ol PNy of As /,01'8 ¢y i< ff/m /C cefur e e
?(‘(mm'n; O i o il ard  ro t fren . Wafte o
Liee ¥ 4 0[0[{ U(j ,,l‘t.» 6”“( T¢ ‘NJ Q/‘”‘s(/{ i’"b’b«é'{/: r\&
ip«"o cel) W\'[( MAh'/LM e Pl sanmn—c fefe
o Kot v e S’&AS A. .



H) a/3 A\/ a n’\o'e(wQa = M 3 ?as 1y d/t(s o)v,ha
PN I Lot ,Q,‘y,. , o ard ot < San-e fo\fc)
n’t‘ E’j&) e 65(;&./9&?'\% (’9&* of e /‘gl %CA { C/ ;

\D\) W MC/Of(,(;)ﬂ/L )ﬁ/“oﬂ(r hes ore /(,/&/
conrd J‘D\r\i‘,

ll') a) Produch QA\JOU\(C{J
b Prodinh fawounred
| c) Réabhr\h Fomow /fdl



