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= This recitation worksheet is a review for Exam One.

= Exam coverage: 15.1-15.6, 18.5-18.7, and 16.1-16.3

* You do not need to submit it to Gradescope.

= The answer key has been posted with this worksheet to eLC.

* The recitation session during the exam week (October 28— 31s!) s still mandatory. Your
attendance will be recorded.

= Aperiodic table and formula sheet are attached to the end of this worksheet.




1. Write the equilibrium equation for the reverse reaction:

4 CHg (g)+6 0, (g) = 4 CO (g) + 8 H,0 (g) ke = LCOJ Iy
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2. Determine the value of K| for the following reaction if the equilibrium partial pressures are as follows:

P(CO,)eq =1.8 atm, P(CO)eq = 0.35 atm, P(O,)eq = 0.50 atm. (Do not use scientific notation for your
answer).

0.014 2 CO,(g) = 2 CO(g) + O,(9)
kp= P(L0)" PL02)
P (Cory
= (0'3532 (0'5(7)
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= 0.01%904 32071
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3. Consider the reaction A + B = 2 AB. The vessel on the right contains an equilibrium mixture of A atoms
(shaded spheres), B atoms (unshaded spheres), and AB molecules.
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If the barrier between the two vessels is removed and the contents of the two vessels are allowed to mix, what
will be observed?

A. The reaction will go in the forward direction decreasing the number of A atoms and B

O atoms and increasing the number of AB molecules.

B. The reaction will go in the forward direction increasing the number of A atoms and B
atoms and decreasing the number of AB molecules.

C. The reaction will go in the reverse direction decreasing the number of A atoms and B
atoms and increasing the number of AB molecules.
The reaction will go in the reverse direction increasing the number of A atoms and B

atoms and decreasing the number of AB molecules.
, Fon —fe newe?etomw Qc>1cfug.4;”m€4;m ﬁs—ﬂa—h
AN Y o ' L ¥ M b + (reacton
e CP1083 C+J0%] Cpel) & CAIXCEIT



4. The following pictures represent the initial state and the equilibrium state for the gaseous state reaction of
A2 molecules (shaded spheres) with B atoms (unshaded spheres) to give AB molecules.

1o 0€| ¥

e O O
el 1Qy 00 o
Y2 1L 7 O
% 000 081
&Zb’; ém Initial sla’te — Equilibrium state
Iz e aeoldarss

What is the best balanced chemical equation for the reaction?
A. A,+B=AB

G B. A, +2B=AB,

C. A,+2B=2AB

D. 6A,+9B=3A,+3B+6AB

5. At a certain temperature, bromine and nitric oxide react to form nitrosyl bromide:
Br,(g) + 2 NO(g) = 2 NOBr(g)

When 0.010 mol Br2 is mixed with 0.025 mol NO and 0.015 mol NOBr in a 2.50 L flask, the concentration of
NOBr decreases. Which statement below is true? 2
C A. Kc<36 @ = CNopr]

B. Kc> 36 2
C. Kc<90 Céro3CN0]
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6. Given:

hesats + 2A(g) = B(g) + C(g) AH® = +27 kJ K:=3.2x10*
Which of the following would be true if the temperature were increased from 25 "C to 100 "C?
¥ The value of K¢ would be smaller. G Allecing He Empordore Sy
: : e valad )
2. The concentration of A(g) would be decreased. <He wagor?~ Charge=
3. The concentration of B(g) would increase. Ke
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7. Gaseous hydrogen bromide decomposes at elevated temperatures according to the equation:

2 HBr(g) = Ha(g) + Bry(g).

At a certain temperature a 2.00 L flask is initially filled only with 0.600 mol of HBr. What is the value of K¢ at
that temperature if the flask contains 0.104 mol of H2 at equilibrium?

A A. 7.04 x 107
B. 4.40 x 107
C. 3.00 x 102 CH&J | Chad | Cbwld
D. 2.10x 10" Inkal | 0.300 0 )
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8. A crude type of disappearing ink is based on the following endothermic equilibrium:

+ [Co(H,0)6]Clx(aq) = [CoCly(H,0)4](aq) + 2 HyO())
(colorless) (blue)

If the reactant solution is used to write on a piece of paper and the paper is allowed to partially dry, what can
be done to bring out the colored handwriting?

A. add water

(D) B. decrease the volume

C. putthe paper in a freezer
D. putthe paperin an oven
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9. Consider the reaction:

Nax(g) + 3 F»2(9) — 2 NF3(9) AH® = -253 kJ and AS°®° = —-264 J/K at 31 °C

Calculate AG° and state whether the equilibrium composition should favor reactants or products at standard
conditions.

A. AG° = —333 kJ; the equilibrium composition should favor products.
C B. AG° = —333 kJ; the equilibrium composition should favor reactants.
C. AG° = —173 kJ; the equilibrium composition should favor products.
D. AG° = —173 kJ; the equilibrium composition should favor reactants. Aé‘)°5 ’m—'mgp
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10. For the following reaction
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11. Consider the interconversion of A molecules (shaded spheres) and B molecules (unshaded spheres)
according to the reaction A = B. Each of the series of pictures represents a separate experiment in which
time increases from left to right.
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Which of these experiments has resulted in an equilibrium state?
all of the experiments except experiment (1)
& all of the experiments except experiment (2)
all of the experiments except experiment (3)
all of the experiments except experiment (4)
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12. In solution, the two C;H,NO isomers exist in equilibrium:

O—0

H;C

NH——CHj CHs

If Kc = 0.57 at 31 °C and the initial concentration of the reactant is 0.50 M and the product is 0.70 M, what are
the concentrations at equilibrium?

= dauk
A. [reactant] = 0.43 M and [product] = 0.24 M D Catuscle Qc EPN 33
@) B. [reactant] = 0.67 M and [product] = 0.38 M CReadat
C. [reactant] = 0.76 M and [product] = 0.44 M = 030 . I.lc
D. [reactant] = 0.82 M and [product] = 0.47 M 0-%0 \
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13. Consider the reaction 2A(g) = A,(g). The pictures represent the initial state and the equilibrium state of
the system.
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For initial state 2 what is the relationship between the reaction quotient, Qp, and the equilibrium constant, Kp?
A. QP < KP
D B. Qp = Kp =
C. Q=K #1 >k
D Qp> Kp



14. At 2600 K, AG° = 775 kJ for the vaporization of boron carbide: B4C(s) = _4 B(g) + C(s). Find AG and
determine if the process is spontaneous if the reaction vessel contains 4.00 mol B4C(s), 0.400 mol of
C(s), and B(g) at a partial pressure of 1.00 x 10-5atm. At this temperature, RxT = 21.6 kJ. Keep 3
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15. For a reaction at constant temperature, as Q increases

A. AG and AG° increase.

C B. AG and AG° decrease.

C. AG increases, but AG° remains constant.
D. AG decreases, but AG°® remains constant.
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16. The following reaction is observed to have the provided partial pressures. Whi ondition best describes
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17. The value for the equilibrium constant, K, is given for the following reactions:
) 2 NO(g) = Na(g) + O2(9) Ke=2.1x 10% AP
9) 2NO(g) + Bra(g) = 2 NOBr(g) Ko=1.96 Stup T ¥
What is Kc for N2(g) + O2(g) + Br2(g) = 2 NOBr(g) at 298 K?
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A. 9.7 x 1016 _
0 B 21i1030 ) Nzca’J*sz@?’W ke 2.1x10%
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E. 8.7 x 10%"
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18. What is the value of K; in question 17 for N2(g) + O2(g) + Brz2(g) = 2 NOBr(g) at 298 K?
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19. What is the value of AG® in kd/mol for the reaction 2 SO,(g) + O2(g) = 2 SOs(g) at 545 K given the
following concentrations: [SO2]eq= 0.0911 M, [O2]eq= 0.0822 M, [SO3]eq= 0.0982 M at 545 K?
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20. At equilibrium, a 1.0-liter container was found to contain 0.20 moles of A, 0.20 moles of B, 0.40
moles of C and 0.40 mole of D. If 0.10 moles of Aand 0.10 moles of B are added to this system,
what will be the new equilibrium concentration of A? & u: i oo 1o diorhi¥ loed. - you pave T sl
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21. Shown below is a concentrati%r?i/%fgtime plot for the reaction A = B. For this reaction the value of the
equilibrium constant is
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22. Consider this reaction. At equilibrium, 6.00 mol of NO and 1.90 mol of O; are present at equilibrium in a
2.50 L flask. If the value for K. is 23.8, how many moles of NO; are present?
2NO(g) + O2(g) = 2 NO2(9g)

255 mol D CND] = 6:00ams] 2.40M

2.%L
COgl= 190m%l . p-360M
92.%0 L
2 2
2 Ke-= N2 - 983 = CNO:JSL )
Cnod* Co2d Co403" Co-+60]
W- 104 18653

. cwozjuo.zo’-l-qu“:éms’ x 2.60L
L
- 95.51399365 ® 25.5 as)

23. Consider the equilibrium system: N,0,(g) = 2 NO,(g) for which K, = 0.1134 at 25 °C and AH,° = 58.03
kJ/mol. Assume that 1 mole of N,O, and 2 moles of NO, are introduced into a 5.0-liter container. Calculate
the equilibrium value of [N,O,]?
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24. Consider the equilibria:
Fipk-mutilly by I, €—250s(g) 5 280x(g) + Ox(g) K. =2.3x107

mm by | <€ 2NOs(g) 5 2NO2(g) + O2(9) Ke=1.4x1073

Calcylate the equilibrium constant for the reaction

SOz(g) + NOs(g) = SOs(g) + NO2(9)

78 ) S ke - \ )

21 D s p= 6 HE ()
32x1070 2) NOglg) = N0 ) +3'_y0;fo) S oKe s C‘.qu\o’@
6.1 x 103

2

moow»

£05 (g) + N02CgD = S3(90+ NO2 (7D |
\ 7
+ Res >’2 X (lyxl0®)?

[
( 2.3 x107%
=34.013949%6
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25. The equilibrium constant for the reaction %2 Cl2(g) + %2 F2(g) = CIF(g) is measured to be 9.3 x 10°at 298 K

and 3.3 x 107 at 398 K. Calculate:
A. AG°x, at 298 K for the reaction in kd/mol
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= _g.any xl03(248) ®\n (4-3 x10 )
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26. Which of these pairs is NOT a Brgnsted-Lowry conjugate acid-base pair?

e difteren bekedorno aﬁnmt—d—fﬁ""‘é Laby

HOBr and OBr- .
H,SO, and SO.2 dif{fene o h0 (,ol—tm
CsHsNH3* and CeHsNH2

H2CO3 and HCO3~

CsHs5CH2CO.H and CsH5CH2CO,~ ’uaaw aud~kare VOLY

27. For these three acids and their acid equilibrium constants, which of the statements are true? (Select all

that apply.)

HF(aq) + H2O(l) = HzO*(aq) + F~(aq) Ka=72x10"

HPO.2"(aq) + H2O(l) = H3O*(aq) + PO4+3 (aq) Ka=3.6x107"3

CH3CO2H(aq) + H20(l) = H3O*(aq) + CH3CO27(aq) Ka=1.8 x 10‘f . ik
A. HPO.* is the strongest acid Fgl2e* ettt cmauub#qwabﬁcﬂ” o

6 0 B. HF produces the weakest conjugate base out of the three acids
C. The rate of dissociation of HF is the fastest as indicated by its acid equilibriym _ . 4. 6F
3 s o mw
constant Fa\se* Koo UL [ nposcrreb v A)oauk—ﬁc %Wd‘:&b ()

D. The conjugate base of CH3CO2H is CHacoz-’f%
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28. You are given four solutions A, B, C, and D. Solution A has an [H30*] = 1.7 x 10 M, solution B has a pH =
5.25, solution C has an [OH7] = 1.5 x 107° and solution D has a pOH = 1.55. Arrange the solutions in the

[\ order of increasing [HzO™].
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29. A solution of a weak acid is prepared by dissolving 0.040 mol of HA in sufficient water to yield 2.0-L of
solution. The pH of the solution was 3.53 at 25.0 °C. Calculate the K, of HA.

e A 29x10™ )) HA L)+ H00) = Ao + H30*CaeD
g' :"7‘ | 18: ThAD | Cod | 0PI [CTHge'd
P el N Al
D 17x10" Inibal |2:0XI0 o o
E. 1.1x10°® Chame -sow0Y| -  fsoxwo™ 430407
] Equibiom| 20010~ —  [3.0007%|8.ox10t [ C\'\Z,O'Q -
7) ka= CA-ICHSO toloe
A7) ek ned
o ic soxe™s f Py g
= [3.0 X\0 . C\'boﬂeq 4 Pl
C20xb _1(? 1o~ = 10" 388
e .4 X107 =3.0x1074
¥ (Die: Domeot found wrl<e ed 02 2 byt
A S\"D"a baaw
30. What is the pH of a solution prepared by dissolving 1.50 g of Ba(OH)2 (171.34 g/mol) in 3.00-L of water?
A22 1) Ga loly —p Badt+ 204 et
b o 1147 2:92x073N  2.92v1073M  2(2-92X10 )=5-84%I0 M
1. - -t 31 -
E. 13.70 3
Melovi by & 6a (OH), " 2 2: 41000
8 + = 14°
1.50g Ga (O) X o) &Cd;);mz )PH.'.P;H - 14:000 - POH © /Y000 — 2284
11244 26 2 dag ) flocns
g-00L =

= 2.9181% 429 XW ™3 M (B0 gD
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31. Find the pH of a 0.135 M aqueous sglution of a weak acid HA, for which K, = 2.3 x 1072,

0 A 125 D L)+ Hy00) = Atoq) + HE0*CAD
B. 3.28
C. 1.17 CHAD | CHol [[A*] |THgd'd
D. 1.34 Inikal [0:136 | — o o
E. 1.64 Change | — _ o | 4=
Eqn;[:b';mn 0:%% - 9{, ®n
CiaD*] o2 M10-2C0 86— = %~
gl ' ' 2
0 kask CxAD 3 08XI107¢ - 2.8x 1072 = :mo“’%
'j . 2 . ID‘ZW -3-'0
2.3y10-2 = LAY Ak 23X 52968864%
[v.135-73 =004
05l ot drp Ly o-0-068896886
ol = e value
3) - pH = ~log Ctg0o™]
= _Jog C00 4643
= b 2 zlé
32. An aqueous solution of a weak base, trimethylamine, (CH3)sN, has a pH= 10.50. What will be the
concentration of (CH3)sN at equilibrium? K, = 6.3 x 107°.
I) (CHs)sN(aq) + H20(l) = (CHs)sNH*(aq) + OH™(aq)
| b Xlo“gM Clag)sN] | [tho) [Cets)g NH' EDH{I
Inihal w - o 0
Chame |-3.2x07Y| =  |+820107" 306"
Epibiomb 820107 — | 82010 |gox 15 Caov 5o detar
C g ot
_ o pH = 10.60 '
.2:) Kk, = rCCH3)NH+] CoH~) 'JOH' - Mé.oo- to-50
S50
J g ~860
UCCHS‘)QN '2‘] . E-OH._ ,,O"PH, lo )

3.2 x\0
£-3x10-% = [3:2X10 JC

= 3.1622F746210
) !
Con- %2 X\

2
-4
6.3 %1072 Ca- 8.2%10740 = C3-2¥;0 J
10-
211908529353 ¥ ) iy
C (cH3dsND, = 1.q x10
16

8 §6x107
~ CCHgN] gg= 1.903529353 %10 -&-\‘inﬂ-? 6
TR - |.53*30163%F X0
AligxXI0"3M



33. What is the conjugate base of sulfuric acid?
HSO4~

A H:0"

OH-

8042_

H3SO4*

moow»

S04 Cauid) - Gmj ugan bt © TS |

(exs - HIOy

34. What is the [H30*] for a solution at 25°C that has pOH = 5.6407?
2.34 x 104 M

C 2.29x10°M

437 x10°M

427 x 10" M

8.360 M

moow»

PH_ + F)H: ’4 000

PH-I-S-MD”‘!'DDD 38

o pH= 14-000—5.640 = 3.360
“ Crgp*d~= o= lo’g'“°.

ssgfir © 4.365158%22 X177 M
433 xp" 1 H
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35. The Ky, of ethﬂ%e'ls 4.30 x 10™. What is the pH of a 0.0847 M aqueous solution of ethylamine?

@9 g CAALRIETEL NH,o(ag) + HoO() = CHeCHaNHs"(aq)

3 ayg
S PH Shovad
18] 0 fH -
Qe Ny | Cihod |asop o [oHD da?lacoo
Inihal 00343 | ~ 0 O
Chafﬂ(, —A - +% +i%
Equlbrom| p. 08y F-% -— 2w @l
e S = 4.30x1074 (0.0 947) .
Z) Kp= [ CHgChy NiFI[DHTT L a=  £.08498)357X10°
CCHaCHy N B3 G u«amﬂe Tegahbe vali

Cou~J= oL = 6:63x1073M

- poH = —log [ott -] = - log C403vIp3] =
L >>loo 2-219
£ pH = 14000 - 2.2(9 = 1178

S 4.goxiv-4 = [ CAI
L'o,o‘)lp?—Pgl

36. Vinegar is a 5.0% solution hy weight of acetic acid (CH3CO2H) (60.05 g/mol) in water. Given that
Ka=1.8x107° fotr‘bag'e?f@a |34and assuming the density of vinegar to be 1.00 g/cmg,’b\'/ﬂ%g@\%

pH of this vinegar solution? CI-(-gCDLH ooy + o) = C%OJQ," c,‘?) + ,_ho-r@nD
2: 41

Lol | 0L |CedscorT | Crpof)

\
/}mh‘ al 033 - & 0

‘)D.Q,!-C(mﬂ‘re% Chame | —9% - -y 2
irtiot mc,:}. Equiliom| 0.8 — ’ oL
oT
CH%LD),“ l B
100ty &vlua 1 60059 cugloolt |l L
D ka=T CHy 02273 T ¥aD"] £ 1.8 xIp-5 = Cxd LA
Chgloz Co38-7F s
C CH30y c
2= 1 35xI075 Co-38) =
18 -5
. 2 ¢ 10
N l.5 X -
. 1 xlo
[Hgot]= 3-9xI0 % . o = £ 8.87137078

: pH= —bg Creo*de - L;, [2.9 X105] = 241 2deiored pacoo



37. At 50 °C the value of Kwis 5.50 x 10-14. A basic solution at 50 °C has b-’ /) 98C Y
A. [H3O*]1 <[OH]<2.35x 107" M. |10 %0

ED B. [H30*]1 <2.35x 107 M < [OH]. =

C. [H30O*] =[OH71<2.35x 1077 M.

D. [H30*]>[OH7]>2.35%x 107" M.

_ 1y
D Ko = C Hdtd COH I = 5.50 x10 2 ta ey 1§ boniC

- = 25%t0" M
CHgd*3= Cott™) =% o xlo Lorowd 2
. Cl=5 " )
. Dﬂ’" 550 % 10”4 +7 ¢ 235 X10 ™
b : 1’-4—234‘520?33)“0? C w30

38. The pictures represent aqueous solutions of three acids HA (A = X, Y, or Z); water molecules have been

omitted for clarity.
o’

o | @+

@
9 ¢

G@‘ @@b
o o |[*® o

9@
o ° @@ 5

HX HY HZ
Which acid has the smallest value of K;?
A. HX
A’ B. HY
C. HZ
D. All have the same K; value.

_qla,u‘o a..mzawrb‘i"f“'w o} weskands

L2 asomy oo vy olll ke K olle vevie
e, LSS (e~ 22dHe aud
— e SorecrHe Ko
14 4 26°C
koo = hOXIDTT 4L
haot + e resceTY

+ &L oH—-
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39. A monoprotic acid, Para-aminobenzoic acid (PABA), p-H2NCgHs(COOH), is used in some sunscreens and
hair conditioning products. Calculate the pH of an aqueous solution with [PABA] = 0.030 M and K; = 2.2 x

0s. DHA ) + Hot) 2 A7(aq) + oM ea)
B. 3.09 B HA) |Cwhaa| CAY |CHeof
C. 4.66
D. 6.18 Inihal | 0080 [ ~ o o
2) Ko = CA~JICHz01) Chame | —7L - +% | +2
C WA EBqulibrom| 0.080-20| — 2w L
2.2%X10" 8= o IN)
l:-003'07":3%>>loc> . 4.Ex10?

o oL®= 3.2x107° (00301 . ‘
" oL-'QiQ;l-lu.oas 405 X107 © gnegecdhe TRV vl
4 e —log C3Lx1074T = 30U 2 duimet placo

40. Given the acids and their Ka values: O 4
Hydrocyanic acid, HCN Ka =4.00 x 10710 2 249 fig? o
Phenol, C¢HsOH Ka=1.00x 1070 ks & o o4letts 7 €t axd ST
Benzoic acid, CzH5CO,H Ka =6.30 x 107°

wealoot Ap QoY -

What is the order of increasing base strength for CN-, C¢Hs0~, and CsHsCO, ?

O A. Ce¢HsCO,™ < CgHs0" < CN-

CeHs0™ < CgHsCO,~ <CN-

CN~ < CzH5CO,” < CgH50"

CeH5CO,~ < CN™ < CgH50™

CN™ < CgHs0™ < C(,-Hf;COiI_.h°

a' M w‘a% . . [ rdc‘(
4§ 0o tnerea 5"'3
X 07des 6} awd Stegty -
i CgHgOH < HON< Cprs oot sra osedes ' CfHe CDz"<c«\\"<C£H5°
. bﬁ"l M'ﬁ% (o 1o
¥ ovder S} toyuept

oo~ neefl o QLeeh™
41. Which of these species is amphoteric? hoe o

moow®

A B. H, D oo arv QbR PTOTT 3 boav

C.
D. P fuwe a0 C
E. None of the above are amphoteric .

| o dametizy o« profre and atupig - 0
P apeless. Specon © Capelle S
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hatt b e 1OXI07TY @ 25°C

42. Given: H2O(l) + H20O(l) 2 H30*(aq) + OH (aq), AH°rxn > 0 When the temperature of a sample of pure
water is raised above 25 °C,
A. the hydronium ion concentration will be greater than the hydroxide ion

G concentration.
the hydronium ion concentration will be less than the hydroxide ion concentration.
the value of Ky will increase.
the hydronium ion concentration could change to 1.0 x 107" M.
the hydrOX|de ion concentration could change to 1, 8x 10710 M
#1f woler & hesked by waisirg ﬁbmifmmwﬁq o ¢ oH~

hll[ BN'F{' H Ao ma/\f Inb"h‘m"'a t?

thes o duts 4o waer beimg o Lyolerms nera 2o
¥ Ao amowk S IO OHTHe  vabe 5 ke

Fro = CHgO*3IC O]
43. The magnitude of Ky indicates that .
A. water autoionizes very slowly Gl oo ton¥ants indi S et
C B. water autoionizes very quickly g a

C. water autoionizes only to a very small extent
D. the autoionization of water is exothermic

Kio oo ettuUh\d-m Wk%mlmzabmﬁ— N

mo o w

44. Which of the following acids has the lowest pH? e wme:tmbm
A. 0.1 M HA, pK. = 2.43 % Qllke avdo W““" ded o ol
A [B. 01MHB, pK. = 4.55 S e Pt will R dxreal"ﬁﬂww'ﬂy:\wm
C. 0.1 M HC, pK. = 8.23 o -He Tka W
D. 0.1 M HD, pK, = 11.89 He fhoyec e ax
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45. For which of the following solutions must the ionization of water be considered when calculating the pH or
pOH? Select all that apply.

A. 3x10®M HNOs
&0 & 0.10 g HClin 1.0 L of solution 2. 3%I03M HU_S N 20H
Z. 0.00080 g NaOH in 0.50 L of solution 40 X 1D
D. 1x 107 M Ca(OH) \
- o’ 6} Na&fzmwvt be gveidered inie PH C"’a_‘_lé“”mq' -
He usdiom 2B bone Foluden C<loéM)

kel dilute StroTg audd OO &)

46. Phenylacetic acid (CgHsCH,COOH, simplified here as HPAc) builds up in the blood of persons with
phenylketonuria, an inherited disorder that, if untreated, causes mental retardation and death. A study of
the acid shows that the pH of 0.12 M HPAc is 2.62. What is the pK, of phenylacetic acid?

) HPACLoq) + WaD(h) = Ha0™ Cad) + AT o)
4. 3l CHPAc) | Cuheld | Craotg |PAe?D
¥ Mo ka%,:u, Inihal | 0:12 - © o
Chame |-24x16% = | 24007 2400
Epuioiom| 0-12 | — [ 24x102 [2400% toud fam P

Chgo = M- 1o~ 262

9 ko= CWsotICPPEI | ray ylo~23C2:4x107%) = 2.4%1073

CHPACS L0123
~S .
= 4492 48135X10 2 agte o
_ .49 43135X10 )

= 4.210411632
~ t,.sic» 2 docivad plree
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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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