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1. What is the Ksp expression for zinc phosphate?

(@ [Zo*T[POT  (b) [Zn][PO,P’ (¢) [Zn™][PO,*] (d) [Zo™][PO,
@Zn2+]3 [Po43—]2
20, PO, (H — 3 2T 20047

2. What is the molar solubility of zinc phosphate in pure water?
K, of zinc phosphate = 9.0x10™%

(2) 1.2x10*M @ 1.5x10°"M (c) 3.4x107"M (d) 4.3x10°M
(e) 5.0x10™'M
-+ -
Zh}(?oqu — 32\(\ + ZPD,?‘

2 2w

-33
Wop o ()7 (22)F = 2755 4x® = 108 =5 = 9.0~10

% = (G'O"O ) Livlo W\1

’ O { N an P O “
3. What is the molar solubility of zinc phosphate in 0.10 M sodium phosphate? ’W

(a) 2.8x10°M (b) 1;1X10’14M @_2”0—111\4 A 5 7x10-*M
©72ATM COunovhe -
L (eoy, T U RN A 20D of Pog*T
Lx 2% + O\0

Linte % V0 Swmall 2x s OO0 2 0D
%
s = (2x)7(0. 10\ = 27%° oo = 02)x

07w’ : 90 =107

I
v = [ A0>i0 ) Elylo \
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4, Zinc jon forms a complex ion with 4 NH,'s. What is K; expression for formation of this
complex ion?
(@ [Zo”]NH,}* @ [Zn(NH,),*'] (© [Zn”][NH,]*
[Zn(NH,),*'] [Zn*"}[NH,}* [Zn(NH;),*"]
(@  [Zn(NH,),] (© [Zn*][NH;]*
[Zn][{NH,]

(2 o
%V\LJ’—" L’(N\’\'g — %h(p\*;)“l

5. What would happen if you added NH; to a saturated solution of zinc phosphate in water?
~Zincephosphtte 2w POy

(a) The zinc phosphate solubility equili%n shifts to the RIGHT and more solid €\
precipitates out of solution. M~ere
The zinc phosphate solubility equilibrium shifts to the RIGHT and more solid /¢4™2 wens

issolves. d :&ff’
(¢) The zinc phosphate solubility equil%m shifts to the LEFT and more solid & ";‘ RS
dissolves. )

(d) The zinc phosphate solubility equilibrium shifts to the LEFT and more solid
precipitates out of solution. . _A e, Pro. 3"
(e) Nothing happens. (D Zre (Poly, = 5% “ :*
@ T~V aovy — 2w (LW,
\h Yine ypesence O‘() LAY S T~ @ Whappens .

T rames L2703 3, rmm O gtk Yo vdee (2207
Gu-c; Yo  yae aiarm™ ) 52 wnove Soviad A3 s e,

6. A solution of potassium sulfate and copper(Il) chloride is mixed together. Which of the
. . l”"___,_-—--———-w-‘ """""""""""" .
following most likely happens. \ — \< (T Wi u) ¢olvbie
X

-t Stimde  +\ /=)

@Nothing (no reaction occurs). \< , 6O ;L(“) - Can CA o 1...!") _—

(b) Cu metal precipitates. ~
(c) CusS precipitates N /\J

. . i - !
(d) CuSO, precipitates o SOy osT wae hek

(e) KCl precipitates. S N\NFeTe s Arne
) \\<tb Sotem e
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Consider the following titration for the next 5 questions:

40.0 mL of a 0.50 M aqueous solution of t-butylamine, H,NC(CHS,);, is titrated with aqueous

Shirvoeadh
7. What is the overall reaction occurring in the titration?

(a) H,NC(CH,),(aq) + HCl(aq) -~ HNC(CH,), (aq) + H,Cl*(aq)

i

(b)  HNC(CH;)(aq) + HCl(ag)

(©)  HNC(CH)s(aq) + HCl(aq)

H,NC(CH,), (ag) + Cl(aq)

+

H,0 + H,NC(CH,),Cl(aq)

i

d) HNC(CH;)(aq) + HCl(aq)

@ H,NC(CH.),(aq) + HCl(aq)

H,0 + CN(aq) + (CH,),CI*(aq)

+

H;NC(CH,);"(aq) + Cl'(aq)

8. How many mL's of the HCI solution need to be added to reach the equivalence point of
the titration?

(@ 10.0mL (b)20.0mL (c)30.0mL (d)40.0mL C@so.om

@ é’ﬁV\\/A((wv_e, holes aad = woler Vacse
Ve = Cva\/g_ _ @\TD rv\)(f—(o‘() i)
Cor CO o)
= t SOO ey
9. What is in the flask at the equivalence point of the titration?

4 ’k
(4) HOCH,CH,NH(aq) only Ko 16 bomad Fie cauay. gt

all reactants \
%allproducts L/~/ Means ~ ¢ov've ol dech  § ook

(@) HOCH,CH,NH(aq) + all products € "0 s~ P \owvex 4o

S < - WV fom fo lema e
(e) all reactants and all products E:“;W we;f QIS T o

AL C\z\oxtef c&wx waedce o \lox  OF Sfﬂs(,.\(\offauult
& RV A rved o

10. How is tﬁe solutlon in the flask at the equivalence point best characterized?

(a) strong acid @Weak acid (c) strong base (d) weak base

(e) buffer ab) neutral )

e Mo C(CRDs 1 & tweele Dot ks Cony
O e e 1,3,_7;(\9_,&(0&1\3 v¢ A borsde  Aaced
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Continuation of the titration problem from previous page n;w Wi\l e e
Lutale eled e
11.

What is the pH at the equivalence point of the titration? e\in~ 2l A vid e
(/,/ P 1 % A > 7——
(2) 4.99 @837 (©F00 (9T C@S 67

<o v, HaNC(CHa),= “.¢>10 71
Ve Kuw . Vooag=1D'"

- 9 oo
e “1.§ ~10™

@
H}MCCC"’U\} ¥ Heo = H,,_LJC,(CH:AJ + H_‘soi-

\Co - CHwC (e AL R0l 5 ) ;‘L = 2.10>'0
LH%C(CM_;};} [rsoclamans
he ) = e -\
X = Z\o 1o \ e E(Z \O > O B(Ou}

>
OnZL >¢

<

1

= 2.6 11070 < [Heem)

(pw' - Z’z\bﬂo*") E@

& o Ao (CH)
[H ¢ lenyy) = Inboes o, HubC (ol

For V0
. O Vi - (0 sof"\)(wo -t
- Mﬂ" e HIT

Aot QO haale

= D m
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12. What is the pH of a buffer solution prepared from 0.025 M lactic acid,
CH,CH(OH)CO,H, and 0.10 M sodium lactate Na[CH,CH(OH)CO,]?

ArC.
(a) 3.25 (b) 2.47 () 3.85 d)¥%.46 (e) 5.24
s Slee » Loy an= 5 loe /0110
67\% ¢\ T 3.854 » S ‘5’:’&;)

: i%.w, \

13.  What buffer component ratio would be needed to make a pH 4.50 lactic acid/lactate

buffer?
.4 (b) 0.23 ) 7.1 (d) 0.14 (e) 1.3
P“ "P\c'\ (L’LTD" &\83;1)
|O = 1D = 4.4

14.  How many grams of NaOH would need to be added to 0.50 L. of a 0.20 M lactic acid
solution to make a pH 4.50 buffer? Hia

@049g (b)12¢g @3.3 g (d) 2.5g (€)0.79 g
Mlee * NeadW VMoo v Lel »hoer

LM bl O
X i + %

- Tr i

0\\"'Y D >(

Frow~ rrviouws @u:*‘?w\/ o waedee PH"\.S’-O Vo o b e,
X 9qu = la
O.\O‘Y HLG\
% = “au (010>
>‘ = 0!‘1‘1 - H!wy

IH = Oa"“‘(
g : = 0.9 . O\DR\L‘YM »ng: 3‘26;]

Mo N a0 r = HO, O\ gl nid




Chem 201 Exam 2 — Form A page 6

Spring 2011

15. Asdiscussed in lecture, one of the reasons acid/base chemistry is so
important is that acid-base reactions create charges in organic 0
molecules, and the existence of charged sites plays a major role in R4
determining the 3D structure in many biologically important N-H

O

M-

heore
C(/\K.IL(A(‘A

16.

molecules such as proteins. Proteins consist of linked amino acidsas O

shown to the right. The R1, R2, R3 groups are the side chains of the Rz
amino acids. Shown below are the side chains of some of the amino N
acids that have acid/base character and the pKa's of the conjugate
acid form of the side chain. NOTE: all the side chains are drawn N—H

in their conjugate acid form. vacse. ok

=
M A/N\> ClangtA

aand Por

-\ \ ~H*
— J__H /3 _NH? 0O —8§ — =—<®
O N ~ [T
H

pka=44 pKa=65 pKa=100 pKa=100 pKa=85

(b) Y @ ED
?-)/\ S V\(“ P\f\ >Y\‘“ PH( p\\d‘. PW < (’Y‘\ FH >P\¢-\
S0 bare 50 Voese o0 aand £ Aadk S0 Vmoe
Cop v ive A Qa up‘fru( Cevrar FLQVO"”A Cr. vo vred
Based on the above information, which of these amino acid side chains will mainly exist
in the charged form (either positive or negative) a‘ pH 9?‘f3ircle all correct answers.

[ mmm———

bar o cch
A buffer made from C;HN and [C,H,;NH]CI would be most appropriate for which of the
following pH ranges?

(2)8.410 10.4 (b)7.8109.8 (©)3.6105.6 (D)2 10 6.2
(e)4.2109.8
Kv of Cs w0 = [0>107
kKo = loog=p ™ _ ¢ Az ¥p”t
[ >l

W

pia s Lo (va21 »10°%) S.2%
py\ (/"u\r Voulbten {hoctar V)C ‘tl Cf(/ dﬂi‘f‘fd P‘+

H Vave Cuina

Onmrgpe A 15 ¢
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17.

18.

19.

20.

Fill in the blanks. Physical processes such as chemical reactions tend to go towards

\(‘\ ‘%g\_ﬁ entropy and \o__w_t\energy.

The answers in order are

(a) lower, lower (b) higher, higher (c) lower, higher higher, lower

If a physical system undergoes a change corresponding to a_negative AS, which one of the
following statements has to be TRUE?

(a) The energy of the final state would be higher than the initial state.
(b) The energy of the final state would be lower than the initial state.
e energy in the final state would be distributed in a less probable fashion than in the
initial state.
(d) The final state would be less ordered than the initial state.

Which one of the following reactions most likely has a positive AS?

@NaCl(s) + H,SO,aq) -~ N2,SO,aq) + 2HCl(g) et Tshad - Zgay

Posihee OS5

(®)3NOg) + H,00) -~ 2HNOsag) + NO@g) Y = 3 cead \0s3 of, 4=
pPree waleendes - negane O3
(©2Ny(g) + 6H,0(g) ~ 4NHy(g) + 304 W — ? e gatue PARN

(d) I-IF(aq) + HCO3-(aq_) - F (aq) + H2C03(aq) Z_Xb A"¢ ?_ c\;b-—'D '?_Gm'b

Calculate AS® for the following reaction:
2NOJ(g) + 3Nyg) = 4N,0(g)

S° of N,O(g) =219.7 J/(K-mol); S° of NO,(g) =239.9 J/(K-mol); S° of N,(g)=191.5
J/(K-mol);

(2) -784.3 /K @7—1755 JK () -211.8 JK
(d) 784.3 K () 175.5 J)K (ab) 211.8 J/K
A+ gt~ S e

4 570 - <ZSON°L" 3’5?‘“’)
Y(wam) = 2 [13a9) - 304

i
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1. What is the pH of a buffer solution prepared from 0.10 M lactic acid, CH ;CH(OH)COH,

and 0.025 M sodium lactate Na[CH,CH(OH)CO,]? s
Voo €

@247  (b)4.46 @.zs 524  (e)3.85
- ere S Vo 202 1?"2;-5-
Py c oplee r log ZEE 585“‘-*‘;,0.@

\<a o, lache aead = bva>107"
pica = —log (VA >\07) = 2.85Y

2. What buffer component ratio would be needed to make a pH 3.00 lactic acid/lactate -

—r—————

buffer?

(a) 4.4 (b) 0.23 © 7.1 (@D.14 (e) 0.055
P)*-p\c% (500-3\3;%

1o . 22 =)o =\o. 14l

3. How many grams of NaOH would need to be added to 0.50 L of a 0.20 M lactic acid
solution to make a pH 3.00 buffer? \ Hie

@ 0.79g (b)33g ©12g .49g (€) 2.5¢
Ml + Naow — o« L+ kot

010 ma S o
O.SoL> D.2owA -5 e
L - — >

= 0,10 vt (D)= ©

v pveviows w;hm\ _L__‘a- = 004 = s

\"\ L.es O\lo—y
Oy (0o ~») = X i MaOWr = 2200 rlg 00 rlol
= T YO0 G /et
(.04 =0\ ¥ = X

0.0\ = | \ 4w 5.0 ’k
001 = s = 12BN T 2t = 075

e —————

N Naov



Chem 201 Exam 2 ~ Form B page 2

Spring 2011

4, As discussed in lecture, one of the reasons acid/base chemistry is so
important is that acid-base reactions create charges in organic 0
molecules, and the existence of charged sites plays a major role in R4
determining the 3D structure in many biologically important N~H
molecules such as proteins. Proteins consist of linked amino acidsas O
shown to the right. The R1, R2, R3 groups are the side chains of the Rz
amino acids. Showr below are the side chains of some of the amino ~ H™N
acids that have acid/base character and the pKa's of the conjugate ‘2: o
acid form of the side chain. NOTE: all the side chains are drawn 2 N—H
in their conjugate acid form. A 6."";‘0 v

N c \Anvd»(dk
«\“'\ ?/’\ o\da @D‘ T =

®N’H / m /\\__M\fma’a«

O
_.’_,Yl'
o 28 U3 e e -
N0 O | 0.0 Foren H H

\ *
bere s Aol H chere
e pKa=44 pKa=65 pKa=100 pKa=100 pKa=85

Cher
¥ (b) © (@) (e)

et > pka eH Yeka oW <pka pH< p¥a W < Pkt-\
Cewo bale duwndg, ) (c;ng?\i‘\fkc_s /_{_/f

Based on the above information, which of these amino acid side chains will mainly exist
in the charged form (either positive or negative) at pH 7? Circle all correct answers.

5. A buffer made from C;H,NH, and [C;H,NH,]CI would be most appropriate for which of

the following pH ranges?
(@) 8.4 10 10.4 @3.6 05.6 () 4.2 10 6.2 (d)7.810 9.8
(e) 4.6 t0 9.4

\(\, o CelrsNavw, = Yo »1p7'°

Ke = Ko o 1,008 x107'C . 2c2>107"
e 4.0 » 1O |

pke - \og (252 =10"") = Y,60 =-plen

p\/\ Ca v \ovf(@erm v 5 x| Ot) \o\<a\

e AR i,
——

5o |3k b S
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6.

(BANO) + HOWM - 2HNOag) + NOGg) >3,

Fill in the blanks. Physical processes such as chemical reactions tend to go towards

'ou,c\ energy and JL\L#M_entropy.

The answers in order are

(a) lower, lower (b) higher, higher Z@lower, higher (d) higher, lower

If a physical system undergoes a change corresponding to a positive AS, which one of the
following statements has to be TRUE?

initial state. ~Y
(b) The final state would be more ordered than the initial state. F Cinar gtale o \ess

(c) The energy of the final state would be higher than the initial state. Oretenc

(d) The energy of the final state would be lower than the initial state. i‘e&i":}”; Zs

e energy in the final state would be distributed in a more probable fashion than in
the

Which one of the following reactions most likely has a negative AS?

(8)2NaCl(s) + H,SO,(aq) -~ Na,SO,(aq) + 2HCl@g) 2 5 ——>23 ()o,_s. N

DS
YU motecvize —> 2 motrcades
(©4NHy(g) + 30,2 - 2Ny + 6H,0(g) 7 horedes — X oot

Pos FANS
() HF(aq) + HCO;(aq) - F (a) + H,CO(Q) 1o et chravige 1 &7
ov phate (5 ADSE @

Calculate AS°® for the following reaction:
O, rmoly caakes =2 g- prtrdes Cande
4N,0(g) = 2NO)(g) + 3Nyg roddd eve  Podits AC

S° of N,0(g) =219.7 J/(K'mol); S° of NO,(g) =239.9 J/(K-mol); S° of N,(g) = 191.5
J/(K-mol);

(a) 7843 J/K (b) ~+755 JK (©) 211.8 /K
(@) 2HE K ) 175.5 J/K (ab) 74T TK

) v & _ o
AS VS n < Z S P/‘od\ é— S ,-{‘\_yr
- (Zéouox 3 ‘SON'LB - “ SOM.D

2 2 (1naa) « 2 (W) = q(2ma)
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N "Lﬂ' ? O " a
10.  What is the Ksp expression for nickel(Il) phosphate?

(@) [NI*'P[PO," T @Wi”ﬂmf'lz (e) INi*'][PO,”] (d) [INi*'][PO, ]’
(e) INi}[PO,F

iy (PO, ¢ — BN ¥ 2003""
2 2 n?
\(J\o : L?\J\q‘fl LPOH l

11.  What is the molar solubility of nickel(I) phosphate in pure water?
K, of nickel(Il) phosphate = 5.0x10"*!

(2) 43x10°M (b) 1.2x10*M (©) 5.0x10°1'M @3.4“0—71\4
(e) 1.5x10°"M

N\g(POQWL —_— s NS 2?0%13' Y';So’ubu\ij
%, 2.x

2
Wap = (3><5&CP—'>‘3 . AN P Ynr = 10T
)ng = QO»\D-Z\

X \B> o»—lo:“
( ? ( |oF \Zﬂﬂo'qm—]

12. What is the molar solubility of nickel(IT) phosphate in 9:10 M mckel@ nifrate?

C((z?x.lxlo-”m (b) 7.2x10"*M (c) 2.8%10°M (d) 3.2x10°11
5.7x10°M

Ana\l,}‘ ¥ l:"‘,« ke

‘v}r

[\_JI 1, [ PO")\L -> 3 N )L* + ZPO '-13' ?O'l‘:‘:\:”' Ln‘
<
3)( ""O\\O ,2—>¢ _‘Mm""*/

bime e 1 Swmeth Bx 3000 % OO
rLr S (=
kS(J L) C?&P:X = (0o (2x)
= O\OO\ < q)‘L
= Uxip? xT 2 50107
LX BH (? OO "‘S’L
P -3 -1
Y (R




Chem 201 Exam 2 - Form B page 5
Spring 2011 ‘

13.  Nickel(I) forms a complex ion with 6 NH,'s. What is the K expression for formation of
this complex ion?

@ [NNH)] ®) [NPINHJ © [NETINEJF

[Ni][NH,]° [Ni(NH,)s™'] [Ni(NH;)"']
(d),) [NiQNH,):™"] (€) [NIFIINELI’
INFIINE P

=
N57or bw, = ’U'(“\"Qz»
CI\J\(N\’H)""}

14.  What would happen if you added NH, to a saturated solution of nickel(Il) phosphate in
water? smmeplSEEimte Ny G)D‘.} .

(a) The nickel(IT) phosphate solubility equilibrium shifté to the LEFT and more solid

precipitates out of solution.
(b) The nickel(IT) phosphate solubiligy’equilibrium shifts to the LEFT and more solid (\o};@
Pon

dissolves.
(¢) The nickel(IT) phosphate solubilityZequilibrium shifts to the RIGHT and more solid ¥ ¢*=<
precipitates out of solution. ‘ ’ CE2 e

The nickel(I) phosphate solubility equilibrium shifts to the RIGHT and more solid
ssolves. N ) - 2 o 7
(¢) Nothing happens. O Nisecd "= STy - TP, ‘o)
3
A Mo s vy —2 do ()T

| n Hae PrTrenec vf) oWV L e (D Nappenas T
Comses [ 4 ) mn (D Shagghs ot L) T

Coes ra (RIEVWT , 52 v

K ¥ ( - Lol £oviet Mgad wen
_ : 104 Cu
15. A solution of potassium oxalate and copper(Il) chloride is mixed together. Which of the
following most likely happens. /,\__\,FA_C" -_',._-«‘n‘_Sf.fJQ\ savae siace H/
N & i, ¢ -
(a) Nothing (no reaction occurs). \< 2z C2 0 (Mt) CC * QL) 2
(b) KCl1 precipitates. »
(¢) CuCO; precipitates
(d) Cu metal precipitates. CvCr0y S\ \\ \;iif \.\: i_o\l ‘:;_)\L
@UCZO4 precipitates ’ Al wob @in

@k’(ﬂs\(b | R
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Consider the following titration for the next 5 questions:

40.0 mL of a 0.60 M aqueous solution of ethanolamine, H,NCH,CH,OH, is titrated with

aqueous 0.80 M HCL \ Lorale b core
Q_. & by &t G A
16.  What is the overall reaction occurring in the titration?

@ HOCH,CH,NH,(ag) + HCl(aq) -~ HOCH,CH,NH,'(ag) + Cl(aq)

HOCH,CH,NH, (aq) + Cl(aq)

i

(b) HOCH,CH,NH,(aq) + HCl(aq)

{

()  HOCH,CH,NH,(aq) + HCl(ag) ~ H,0 + CICH,CH,NH(aq)

it

(d) HOCH,CH,NH,(aq) + HCl(aq) - H,0 + CH,CH,NH'(aq) + Cl"(aq)

() HOCH,CH,NH,(aq) + HCl(aq)

1

HOCH,CH,NH"(aq) + H,CI'(aq)

17. How many mL's of the HCI solution need to be added to reach the equivalence point of
the titration?

(a) 10.0mL (b)20.0 mL @O.OmL (d)40.0mL  (¢) 50.0 mL

e eq)fv«\uf\\e NPy preNe T cloa = Moles Ioane
Cau.ak Voot = C, bere Vuae

\/QMM = CL;A»{ \/\Oésﬁ, - (O \bovv\)(ﬂc.()mg
C aaa (O\KOM)

- [po ]
18. What is in the flask at the_equivalence point of the titration?

T Has V8wt Agaasca\ et
P vl e - Dou‘w A has S
)'l.yr e ol Gon o=t To

Conutst euchHA\D tm Fleoi
+o prodtancX s

(a) HOCH,CH,NH(aq) only
(b) all reactants
(c) HOCH,CH,NH(aq) + all products

d) all reactants and all products
ﬁ) all products

19. How is the solution in the flask at the equivalence point best characterized?

(a) neutral (b) strong acid (¢) strong base (d) weak base

@Veak acid (ab) buffer

Sivte- \%OCH?’CMLM\&‘_‘ (¢ [~ Wc;-kta g

o TN -
.
)T Cony. G LA A HoCMzc,xaLp\.f\f Wy ol Wreelde. A casA
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Continuation of the titration problem from previous page

20.  What is the pH at the equivalence point of the titration?

(a). 833 (b) 5.67 (@961 (AT

@ @f)v\vov\cv\cc L\
Ko ¢ Hocwow,om, = 3,2>107°
Kw = o - KL 2 K.

nave

page 7

Since \cnoews el e
weale actd  cean
elimincks aruens en

‘99 \DH

HOCH,(H U 5
oeale acie

= Ko . 008 »67'"
KL L,2 =\
= 415 ~1o™°
K‘l - [:H OCL\LC\’—“\LN\""):XE \’\3013 %L - 3’\§‘>}O-\D
Crocwu, Cw, owy 1 [HockCrppowd N
CHoCw. Crpwwd™ y - s D«\_) R Hoctc e, =P C o \Vang
mv\/
vt e igns = Ho. Mg(o gom}
oad = e N T72ome

x = Jloa0) (i -
| oba =107 m

(}x\/\ rd -"DS (\.B‘BA r’b”f>

W

E\r\:z;t_)'( 3

ﬁ‘qu

1t

kS

S—

= o, $°‘(%y\

S .



ADDITIONAL INFORMATION and EQUATIONS

Some K, Values at 25 °C

Ka K, K,
CH,CO,H : 1.8 x107°
CH,CH(OH)CO,H 1.4 x10™*
CH,COH 6.3 x107°
H,CO, 43 107’ 5.6 x107!
H,C,0, 5.6 1072 5.4 x10°%
HCOH 1.8 x107*
H,PO, 7.5 %1073  62x10° | 4.8 x1071
H,SO, very large 1.2 x1072
HF 3.5x10™
Some K, values at 25 °C
K,
NH, 1.8 x10°%
HOCH,CH,NH, 3.2x10°
(CH,)CNH, 4.8 x10™
C,HN 1.7 %10
CHNH, 4.0 x1071°

KK, =K, =1.008x107"

pH = pK, + logi2%e] pK, = -log(K,)

[acid]

o _ o _ AH °

AH® = Z f products E f reactants
o — 0 - o

AS® = E S products E S reactants

AG® = E AGfoproducts - E AGforeactants

AG® = AH® - TAS®

K, =1.008x10" R = 8.314x10°? kJ/{(mol'K) 0°C=273.15K



