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1. You are given a list of reactions below along with AG values.

BJuatir L 50 g) + 3 CO(g) — COS(g) + 2 COx(g)  AG = —264.4 ki/mol

Bquatsions 2 CS,(g) + H20(g) — COS(g) + H2S(g) AG = —41.5 kJ/mol
Busbiom 8 CO(g) + H2S(g) — COS(g) + Ha(g) AG = +1.4 kJ/mol
&9 astsome bt CO(g) + H20(g) — CO2(g) + Ha(g) AG = —28.6 kJ/mol

(,M b Heds!s e

Combine the equations as necessary to obtain AG values for the following reactions:

A. COS(g) + 2 Ho0(g) — SO(g) + CO(g) + 2 Ha(g) AG=| 945g.9 |Kimol

Uairg equebvo 1Ly

o |
Hipqub ML ol ey) + o‘z,%cg)h)&szcg)+;€%cg) AG=+2644 K9

Equiin (X2 206 + 2%h0 ) A5G kalbts) Ak - 5F2 KT/

(aSCg) + 2 HoG) —> S02(y) + (o) + 2lh(9) Ag= 20

B. COS(g) + H20(g) — CO2(g) + H2S(9) AG

-20.0 kJ/mol

Uairg quotior® 3 k4 /&{5 1D

- CO + 9

‘ 8 CoS &) + w—_} _
Fpawoom™ = g + ety — G @) ¥ ) S
AG.,:.Z0.0 KX/(‘&")
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C. COS(g) + 3 H20(g) — SOx(g) + CO2(g) + 3 Ha(g) 86l og.4 kd/mol

Uairg equebvo Iy
pequeb ML ol eq) + 2 05 G) —> €p09) + 366(5) A=+ 2644 K<)
Bqueim j(ks) 306 + 30 ) —3DFg)+8bty) sk -85E

| LOa

= g'é
(aSCg)+ 3H0G) —> S020)) —+loy(9)+ Blhio) AGg= #



2. Which of the reactions below will be spontaneous at only at low temperatures? Select all that apply.
Insert letters without spaces in the answer box, example ABCD.
AOF () 2CO(g) + Balg) — 2 CO0) Ay = —566.0 kyjmol As<0 1 o
B7 2 NO»(g) = 2 NO(g) AHyn = +1131.1 kd/mol A820 JZ’;"“ ‘."L"
2. NHsCONB,(s) — 2 NFIs(Q) + GO2AG) AHun = +159.2 kd/mol 4820 hig ™ tmpectiree
(D) PCls(g) ¥ Ehtg) — PCls(g) R = —87.9 kdimol

@ NO(g +1C| g) — NOCI(g) AHxn = —38.54 kd/mol
( ) 2t~§(fn~)07 [Sm)b/' o AS<O
v a atawon to ko ganracese i o ferprdtC depardent,
dpr Waﬂ@?%ubpbﬂwfﬂ%n;gfji_ ’Eﬁiwm d:w:‘zAgwmdﬂ%&ﬂ‘@
edmy?(aﬂa favor able (AS KO & -f-‘f'&&) .Lﬂ/‘p or ol e z).l.aabuc)
h Ae Valme 0} e enthalgy C_&Wb)m +
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3. Which of the following statements is true?

Ac¢ Areaction in which the entropy of the system increases can be spontaneous only if it is

C exothermic

BZ A reaction in which the entropy of the system increases can be spontaneous only if it is
endothermic

A reaction in which the entropy of the system decreases can be spontaneous only if it is
exothermic

D7 A reaction in which the entropy of the system decreases can be spontaneous only if it is
endothermic
JZ./ None of the above statements are true
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4. Which of the following statement(s) is/are true regarding the combustion of propane (CsHs) gas? Select all

that apply. Insert letters without spaces in the answer box, example ABCD.
A,) AH <0 and AS > 0 for the combustion of propane
A E | B” AH >0 and AS < 0 for the combustion of propane
£7 The combustion of propane is spontaneous only at low temperatures

_B7 The combustion of propane is spontaneous only at high temperatures
The combustion of propane is spontaneous at all temperatures
F~ The combustion of propane is non-spontaneous at any temperatures

Hg ¢
Cz 96«927:1502653 — 300, (&) n‘:'l'iocﬂ’)
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5. You are given the redox reaction below in acidic medium at 25 °C. AHx, = —61.6 kd/mol, AGx, = 4.4
kJd/mol, and the standard molar entropies for the reactants and products are also provided below. Calculate
the standard molar entropy for HNO: in J/mol-K.

135.F J/imol-K

2 H*(aq) + 2 Br(aq) + 2 NO2(g) — Brx(l) + 2 HNOz(aq)

Substance H*(aq) | Br | NO2(g) | Brx(l) | HNO2z(aq)

(aq)
S° (J/mol-K) 0 824 240.1 152.2 ?
depd:
Al AH-TAS
44E = —6L6FT (25+215:15) A¢
P o
660 KT = — 293k X AS
s . X joo0 U~
v bE = 660% . _ 221435
e — 298 K et
— . - 6450
[ = éd\{ XA8 W)
A&m( P 65! =L (2x*%) -\r(lxl62'2)'}— [[2y0)+ (2
QQI’A} 25.5234§°K°\ - qu+ 152:2
! = 135 F T
S) 1<

6. Infigure (1) below argon atoms, represented by unshaded spheres, and neon atoms, represented by
shaded spheres, are in separate compartments in a closed system. Figure (2) shows the equilibrium state
of the system after the stopcock separating the two compartments is opened. Assuming that argon and
neon behave as ideal gases, what are the signs (+, —, or 0) of AH, AS, and AG for this process?

LI o o o o o e
e o @ © o e © @ e ©
®

° o 0o o e 0® e
o o e O o

(1) 2

A. AH=+ AS=-,AG=+
B B) AH=0,AS=+,AG=-

C. AH=0,AS=-,AG=+
D. AH=-,AS=+,AG=-

NO haet P-,Qd-uue( MW"”;“", l,my,n. A8 >0
NG O - TAS
. A6 <0




7. The illustration below represents the phase change of substance X. Choose the correct answer below.

B0

The sign for AH for this process is (+ or —) and the sign for AS i |s (+or—).

This process is ‘fpmd’a e (spontaneous or non-spontaneous) at Joo Brpesalured

(at no temperatures, all temperatures, low temperatures, or high temperatures).

8. You get an internship at NASA, and you learn that the reaction of hydrazine (N2H4) and nitric acid is used
as rocket propellant. Calculate AGix» in kd/mol at 25 °C for the reaction of hydrazine and nitric acid using
the information provided below. Report your answer using scientific notation.

2.5 S kJ/mol
x10
4 HNOg3(g) + 5 N2Ha(l) — 7 N2(g) + 12 H20(l)
HNOs(g) NzH4(I) N2(g) H20(1)
AH° (kJ/mol) —133.9 50.6 0 —285.8
AS° (J/Imol-K) 266.9 121.2 191.6 70.0

= i AH('QMB" é—’WYXAHmw7
e (E(:PPX);)* (2x- 1‘3‘5<3)3 [(4x-133-9) + (5%506 )]
(-3429:6) — (- 2826
= -3143-0 1c2r

< AShoauck ) = (&my XAE W)
Mﬁw(%r?)g:} xp('::‘dé ))+ (lg.x 0.0) ] - C( 4% 286 9) +(sx1212)]

21 B2 - (1673 6)
5036 T/f'mﬁl -k

=

. Abgn-TAS
Aém( 3)4':10 wr m""") Cﬁs+ﬂ§'5)‘5 (o036 T/t

=-8-294 Xlo‘D' - _3.30 X0 T = -ggostlﬁ’



) LA AV o : penwe oo C—H endo
-d toa k (o) & frmny : _ powr
H %Mﬁm HoOS i e e @ .ahd\m’nf{.ﬂfﬁ“
9. Substances that dissolve in water (H20) generally do not dissolve in benzene (Ce¢Hs). However, some @fade
substances are moderately soluble in both. Which of the substances below do you think would be

o2
moderately soluble in both water and benzene? tore 4o koo
A. Naphthalene S n~ilar Shhwdtvure
o '™ O oty S ey
T\'—’/A—’ 00 @Wb(b tf\ M\m
“UY Ao GuactiTw fin 50 (poer)
pu.0e g e o - i PR A
W He idoo,  B. para-dichlorobenzene paco-dugsT

oy (D6
‘Lioo danolse AR C-Cl de Gapn 4 T T otsie 17 ken@e &4
e
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Liloo” ae-+wo Cl ornhe pae ot i Ra?
kerant/ g
opsg dpolee
o7 G’ DD/D} forevdy
e pO opose
C. Alanine (an amino acid) HsC b C?H.iéréa,hrﬁ'@ H arv
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10. You want to prepare a perfectly roasted turkey for a family gathering and you must soak the turkey for at
least 8 hours in a 3.87% by mass brine solution (a solution consisting of salt (NaCl) dissolved in water).
How many liters of water are needed to dissolve 725 g of NaCl to prepare the 3.87% by mass brine

solution? 2 2:)’./. b‘d brice ol oW =
13-0
X P
100 (oLt WV ) e, Db =
Ma d< 6-]' NAR’Y in 88‘? ° b’a meds
100008 éolubin=3.3F g (NA)
= §6-134 10

-

_ 400885 ~ (B0l
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11.In CHEM 1212 lab, you are working on a freezing point depression experiment, and you decide to perform
a rather dangerous trial. Instead of water as a solvent and CaCl; as a solute, you decide to use carbon
disulfide (neurotoxic agent) as a solvent and iodine as a solute. In the first step you want to prepare a
0.286 m solution of iodine in carbon disulfide. How many grams of iodine (l2) must be dissolved in 625 mL
of carbon disulfide solution (CS,, density = 1.261 g/mL) to produce the 0.286 m solution?

542 |9 0.236an ol & iotis 0 2 =

|K%C£2
mth\wy&d
12
sl 5o, x M
CSy x| x 0236 =2
ézsmcﬁzxm/ﬂlﬁ— “T?ao/g’ i CS2 1 2
414

_ 53.20%4F~ 512G P2

Jed v 6257mbL B CL2°

12. Henry’s law constant for gas X is 3.30 x 102 M/atm. What total volume of solution is needed to completely
dissolve 1.65 L of gas at a pressure of 725 torr and a temperature of 25 °C? ( |a#cm = F60 LD

q.04 |b HenryS daw ng"‘*'%““

2 aro\

- 94F3+ A
Ppro=F25 X latmv =0.95
6&0 A@( %Ofd" v ”erﬂ‘.%fg 1des §7°

Cgoo = mA Stgeo T Figorok U2 mET
Uters Sy @ \*bbd&)&:‘“‘"’”‘d

Lot . He
(g e il oo Laws o T xo:o%Q%L/

L -
p.a5aq 8ot Kl 00 - ciaau 21w

Dsirg Hery § daw 05""*“"" Cgoe- ke Foee @ ¢ sl o §2°
el &) §2°
Cgoo \ Loy ml® = 0-0643329 »2
3.0 x 10 X 009689 4383 ™
= 2.04L i



13. Refer to the plot below temperature versus solubility to answer the following question.

100

90
80
70
60
50
40

30
20

Solubility (g of salt in 100 g H,O)

10

b
0 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

KCloz
A solution that is 2.75 m of potassium chlorate (molar mass = 122.55 g/mol) at 95 °C is considered
. Hydrated
5 Unsaturated
C. Saturated

D. Supersaturated
E. Dehydrated

9.35an KCloz
F5ast K3 o orert 4o grems SH @k 10
?%/_$looa s.‘r Nw

lg WO

9.35me FUOs 50,559 K% 1Fg  « loog 0
/ /

= 38.39 KClog in 100g thO
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14. Phosphoric acid is commonly used as a cleaning detergent for removal of rust and stains. If a commercial
detergent contains 26.0% by mass HsPO, and has a density of 1.148 g/cm?® at 30 °C. What is the

A. Molality of H3PO4 in the detergent solution? 19 [cm3 = [8 [an\
3.9 Molaty - arel St Hafby
. " | kg & (ol
a9 L, Po
26-07035 ancs Hafoy= 2604 HPoy . nass 6y HHO= loog colution = 2608 H3
|003q&ou£m = 308 Ho
260gta%4 Y leoog
iy Og'H0 a3~ 99 % Hafou @
= 3.59 ™

B. Molarity of H3POys in the solution?

32.056 |M

ihy o el B} PLAZ
Mo lavi Y Likers 6 qolub o
264.03 HaPou y |mo) HaPO4 1143 3 BTTEX o0~
??;%W q799g PaPou Tk

=3.05 M

C. Mole fraction of HzPO, in the detergent solution?

(o
From povt A o ban e N2 § %0= 340§
sl 6 WO=H4 O o mFl B0
I%-O\S«"b.o N
el & W, POy - :Lé-Oax ﬁﬁ?oq/: 0.2652822"'5'“3
9399 HzPoy
2951 HB iy

2
Pk e
6.2 65332251 1B+ 44103 3284 »S\ O

- 41033284 ™5\ 1RO

sk frad m & Hghoy=

- 0.060%
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15. Which cation is expected to have the largest hydration energy? I\iak’/f e, damge He,

E |5 G oo nuisbed o datbe onag
C. Ba? | asger He hydvob v - envgyf

D. Cs*

@ AR+

16. A water sample is found to have 9.4 ppb of chloroform, CHCIls. How many grams of CHCIz would be found
in a glass of this water? (One glass of water = 250 mL).

24 )uo'" ‘ g St o

g 63 b

gﬁm}aw G-l yg'CHds || amglucs, pg o x1-09 x260L

4)
He d—ﬂrel*‘ﬂ I%d“ow&m 1690}3/(}{0 lODD%W@ [000/643‘ (?Z

,JI-OL -6
anl- = 24 X10 3
tanic sotd

17. Lithium iodide (Lil) is used as a solid-state electrolyte for high temperature batteries. When Lil is dissolved
in water, the solution becomes hotter. Which of the following statement(s) is true? o O LT »

A. The dissolution of Lil is exothermic / (Soubon, 1 hot " J‘\o%wt)

E B. |AHsolute| < |Athdratwn| AH&V)- AH’JE& AHIM%M ""‘l/

C. AHg,, is negative and ASg,;, is positive,_~

D. The solute-solvent interaction is greater than the solute-solute and the solvent-solvent
interaction

@ All the above statements are true

10



18. The concentration nitrogen gas in the ocean at 25 °C is 445 uM and Henry’s law constant for nitrogen is
0.61 x 10 mol/L -atm.
A. What is the mass of nitrogen in a liter of ocean’s water? I M= 10 ,MH

-6
0.-0125 |g LIMN/LX%OH'U 0-0125¢4/)L
IL §ranwd ol p.0)259

B. Calculate the partial pressure of N in the atmosphere.

atm V% sl
o33 |at ”ﬁl';:’do e Prao

445xw_d=
L

0-6 1 x10"3atr X Papa,
“f:0.23

IL = 10dL
19. A person is considered legally intoxicated with a blood alcohol level of 80. mg/dL. If blood plasma has a
density of 1.025 g/mL, what is this concentration expressed in ppm?

¥30 PP ppan s my ¥ OLD
kg 5t doluwn
3°'x'2‘é£><“5 x JpE_ x 100G
4 D lenpe 1 oasy
= 80 pr™

11



20. Calculate the mole fraction of the solute in each of the following solutions:

A. 0.112M C6H1206 (density =1.006 g/mL) 0
b.00204 o 12 msl CGHI2Y6
IL ol o™

o wkion X l0OML y 1:0063
Mass s s = 1L& L

= l00bg ko | Hi20¢
4o s b 112 Sl QH&&XIM:
N s € Cg 206 | ansT G206

Mos & wokee = 1006 g~ 2017 =369
q364 o m’g\/&o
6 12 , 0-00204

L
0-12 + 54

B. 3.20% C;HsOH by volume (density of pure C.HsOH= 0.789 g/mL)

0.0/0|

©

320 by voture G H5OH to mdle fraron F QHgoH & dolutrion

Mol CoHsOH = 3.20 Yoy HeoH
3209l G } Qe ’?‘{ \73,)( 81 G 7

IC0mL eoluen =0 0843 vE e
voluwe & HhO= |00-320= A Heod: 0.054%8 0
q6.% X%@(/rmﬂ +ho 216 ;S:—SE Llf
o 5 o +0:054y 54

= 6'8:}'0'\5) = 0‘0'0,

Extra Practice Questions: these questions will not be graded

1. What can be said about a chemical system that has reached a minimum in free energy (i.e., no

change in free energy)? )
| ¢ The reaction is complete. Ny HE=0

C 1B The system entropy is zero. Mo aneas that Ao

C. The system has achieved equilibrium. o o equillbm oMY
The temperature is low.

}z The reaction is very fast.

Romamtec?

AG<o  Ffokoretee
AG Y0 onsa- .rponbmw

Alz0 @qudldon 7V
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2. Calculate the enthalpy of formation of carbon disulfide given the three reactions below.

C(s) + 25(s) — CSa(l);

Given

(i) CSz (1) + 302 (g) — COz (g) + 2502 (g); AH = - 110.2 kJ mol-! fup
(ii) S () + Oz (g) — SO2(g); AH = — 297.4 kJ mol-! i by 2

(iii) C () + Oz (g) — CO2 (g); AH= — 394.5 kJ mol-! Fap fle de

beed! § daud oppliao here o ol
A = + 1O
3391 [kmol () Lorfq) + L.805 (9) —» C St +3% (9) o
I

093 ) = - 57
(i) 98¢H + 285 L) —» 280.(D AH =2 (-29% @/«m S
Qi cLoO -+ szﬁ/j —>%® SHe -39S KT

C () + 9 8(H —» CSq ) AH=- 874l KT Jars]

3. For the process ~ dap
CaCOg3(calcite) — CaCOgs(aragonite) AH® = -0.21 kJ, AS® :J/K

Assuming that the surroundings can be considered a large heat reservoir at 25 °C, calculate ASsur
and ASiwta for the process at 25 °C and 1 atm pressure. Is the process spontaneous at 25 °C and 1
atm pressure?

b

ASsur = 4.2 JIK, ASiotal = 0, not spontaneous

ASsur = 0.7 J/K, ASota = -3.5 J/K, not spontaneous
ASsur = -0.7 JIK, ASital = -4.9 J/K, spontaneous
ASsur = -0.7 JIK, ASiotal = -4.9 J/K, not spontaneous

Ccow>

T

D A &us= — AHay . =(- 0+ 217 % 10007 )
px - . 20T

95 + 23315 23 .15k
= 6.30434345 Tk ¢ 0407k

@ &iptal = Dlp + Bsur
= =427 T O FOT | = -3.5T |y,
ALt KO Avon- pimt aremwo
DS gkl S0 S onemse
DSt =0 a(.,zuum‘m
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4. Heptane and Hexane form an ideal solution. What are the signs of every term in the Gibbs free energy

equation (AG, AH, T, AS)? Heptore = C3 Hiy > bohe 278 tafone
A' +l ] +’ - & C u
6 B. - +, +,+- Hefare R “_t 'f"'""‘:' fj\, Tﬁ?ﬁ SSLubion
C. -+ + - AB = AH - TAS S
D. +, nosign, +, - C{? % o + :ujr' -+ enkgy INGR 1
E. -, nosign, +, + beausc ~ W Lo Shetd dve £o LIS
&l beaue Mp’;eh?lf&
fecnwo N0 Gro.y an B¢ e
dpororecuo "xlm«? Q‘T‘:’“’ —res fer 46 <0
ke (-3
MED?&%

5. Fish are often tested for levels of the toxic compound methylmercury (MW: 215.63). If a particular
swordfish was found to have 0.547 ppm of methylmercury, how many moles of methylmercury would be
found if the fish weighed 71.8 kg?

|
1.4y 1074 [ MO ppr0 s a9 S} folu @5q'3?'46fmax '03 =
37 3-42Fy 6 x 10~
0-Sk? = my &} §olule @ 3.612?)—1_;6\(\0'7‘3 K;T g\“‘a
3§ ¥ j

-4

. - = 113214 XID end)

S e L
- ga.29 by

6. A bottle containing 250 mL of water is pressurized with 4.23 atm of carbon dioxide gas. What is the
percent by weight of CO- in the solution? The Henry’s Law constant for CO; in water at 298 K is 3.4 x 10
2 mol/L-atm.

%

0.633 < ku X 0 Prr Al e
Q(Laao k:\ P oo S 6n
tore= Henrds gad
Gt goo wtmr\r
Clop= 3.4x 107 2msT__ y 423060
L.
=0 14323 w510y f401g Co2
L | a1 C0a
= 632950329 gl
1000 ‘™mL [3

= 432981329 0432951927
(500 4 SLow
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7. Use the structures provided below to answer the following questions:

A. H B. H . H
H-0-C-0-H H-C-0-C—H
H H  H

C H D l-Ii | | | | | | |
H-G-Ct HG-G=6-G—G-G—0-gH
o HHHHHHHH
E H F WO
H. . _H H-C-N-C—H
i L HoH
H/ \9// \H
H
.o O
. A~ . . P @ @
R ‘ H e O3,
‘Br: b ords H-C-H
- g B b ord ;
CW“ H

I Whmjres represent compounds that would most likely be soluble in ethylene glycol
(HOCH,CH,0OH)? Select all that apply.

AcF H

Il. Which 2 structures represent the compounds most likely to dissolve CsH14?

DE

15



Formula Sheet

Length
1 kilometer = 0.62137 mile

1 inch = 2.54 centimeters (exactly)
1 Angstrom = 1 x 1071° meter

Energy

1 joule = 1 kg-m?2/s2

1 calorie = 4.184 joules

1 Calorie = 1 kilocalorie = 1000 calories
1 L-atm = 101.325 joules

Pressure

1 pascal = 1 N/m3 = 1 kg/m-s?

1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 Ib/in?
1 bar = 1 x 10° Pa (exactly)

Temperature
0 K=-273.15°C

K=°C+273.15
°C =(5/9)(°F - 32)

Mass
1 kg =2.205 Ibs

Volume
ImL=1cm®=1cc

Constants

c=2.998 x 108 m/sec

h=6.626 x 10734 J.sec™?

R =0.08206 L-atm/mol-K = 8.314 J/mol-K
Specific heat of water = 4.184 J/g-K
Mass of an electron: 9.109 x 10731 kg
Mass of a proton: 1.673 x 10?7 kg
RH=2.18x 10718

Specific heat of water = 4.184 J/g-K
STP =273.15Kand 1 atm
Avogadro's number: 6.022 x 102

Equations
d (density) = m/V
P1V1=P2V>
V1/T1=V2/T,
P1V1/n1T1=P2V2/n2T2
PV=nRT
(P + a(n?/V3))-(V - nb) = nRT
molar mass (M) = mRT/PV
density (d) = MP/RT
Xa = Na/Ntot = Pa/Prot = Va/Viot
Piot = Pa + P + ...
Ntot = Na + N + ...

3RT

ﬂrms - M



Rate of effusion A [MWjp
Rate of effusion B~ | MW,

Q=CxAT= Cspecific X M X AT

Q =nxAH (kJ/mol) = m x AH (kJ/g)

w = -PAV

AE=q+w

AH° = XnAHf°(products) - ZnAHf°(reactants)

AH° = XnAH®°(bonds broken) - ~nAH°(bonds formed)
E=hv

c=AV
A =h/mv
1 1
AE = —2.18 x 10718 (= — —)
ng n;
P. AH 1 1
()2 -1
P R T, T,

Psolution = Psolvent Xsolvent

Psolution=ZPj=ZPJXJ

ATb = Kbmi
ATf = Kfmi
T = MRTi

Thermodynamic and Electrochemistry

S = kp x In(W)
kp = 1.381 x 10723 J/K
AS = qreV/T

ASgurr = qsurr/T = _qrev/T

ASuniv = Assys + ASqurr

ASorxn = szoproducts - ZVsoreactants

AHorxn = Z\/Hoproducts - zVHcreactants
AGorxn = ZVGoproducts - zVGoreactants

AG = AH - TAS

AG = AG®° + RT-InQ

R=8.314 J/mol.K

AG® = -RT:InK

AG= —-nFEq

F =96485 J/(V-mol e7)

Eoceu = RT/nF InK

E°cen = (0.0257/n) InK = (0.0592/n) logK
Ecenn = E%cen - (RT/nF) InQ

Ecel =E°cenl - (0.0257/n) InQ

Electrolysis: Q (total charge) =1 xt=nxF

Integrated Rate Laws & half-life




bz =50

In2 0.693
biyyp=—F—= %
¢ _ 1
Y27 k[Al,

Equilibrium and Acid / Base
Kp = K¢ x (RT)An

pH = -log[H30"]

Kw=1.0x 10" at25°C
Kw = [H30*] x [OH"]

KW = Ka X Kb
pKa = —log[Ka] A
Buffer: pH = pK, + log THAT

K. AH, 1 1
n—2 = —Ixn (=— =)
Ky R ., T



Periodic Table of the Elements

1 18
1 2
H He
1.01 2 13 14 15 16 17 4.00
3 4 5 6 7 8 9 10
Li Be B C N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na || Mg Al || Si P S Cl || Ar
22.99 24.31 3 4 5 6 7 8 9 10 1 12 26.98 28.09 30.97 32.06 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K || Ca|l Sc | Ti \4 Cr | Mn || Fe | Co || Ni || Cu||Zn | Ga | Ge || As || Se || Br || Kr
39.10 40.08 44.96 || 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 74.92 78.97 79.90 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc [ Ru || Rh |[|Pd | Ag | Cd |  In | Sn | Sb | Te I Xe
85.47 87.62 88.91 91.22 92.91 95.95 [97] 101.07 || 102.91 || 106.42 || 107.87 || 112.41 || 114.82 || 118.71 121.76 || 127.60 || 126.90 || 131.29
37 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs || Ba Hf | Ta || W | Re || Os | Ir Pt | Au||Hg | Tl | Pb || Bi | Po || At || Rn
132.91 || 137.33 178.49 || 180.95 || 183.84 || 186.21 || 190.23 || 192.22 || 195.08 || 196.97 || 200.59 || 204.38 || 207.2 || 208.98 [209] [210] [222]
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr || Ra Rf | Db || Sg || Bh || Hs || Mt || Ds || Rg|[Cn | Nh | Fl | Mc || Lv | Ts || Og
[223] [226] [267] [268] [269] [270] [269] [277] [281] [282] [285] [286] [290] [290] [293] [294] [294]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La || Ce || Pr [ Nd||Pm | Sm | Eu | Gd || Tb || Dy || Ho | Er || Tm | Yb || Lu
138.91 || 140.12 || 140.91 | | 144.24 [145] 150.36 || 151.96 || 157.25 || 158.93 || 162.50 || 164.93 || 167.26 || 168.93 || 173.05 || 174.97
89 90 91 92 93 94 95 926 97 98 99 100 101 102 103
Ac || Th || Pa U ||Np| Pu||Am | Cm | Bk | Cf | Es | Fm || Md | No || Lr
[227] || 232.04 || 231.04 || 238.03 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
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