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Instructions:

This recitation worksheet covers Ch. 16.1-16.3

Please enter your first and last name as it appears on the eL C roster (do not use a nickname
that is not reflected in eLC).

Your UGA mylID is a combination of letters and numbers (example: Dr. Abdelrahman’s MyID is
ema88805@uga.edu). Do not use your 81x number.

Your completed worksheet has to be submitted to Gradescope. You have multiple options for
submission:

o You may use an app to annotate the worksheet by placing your answers in the answer
boxes and showing your work when appropriate. Afterward, submit the worksheet to
Gradescope. You will not need to upload anything to eLC.

o You may print out the worksheet, write your answers in the answer boxes, and show
your work on it when appropriate. Afterward, convert the worksheet to a PDF and
submit to Gradescope. You will not need to upload anything to eL.C.

o If you do not have access to a printer, you may type your answers directly into the
worksheet PDF and then submit it to Gradescope. Write your work on separate sheets
of paper, convert them to a PDF, and upload to the appropriate dropbox on eLC.

o There is a Gradescope app available for both iOS and Android devices that allows you
to scan and submit your printed work, or you can submit your fillable PDF directly.

The following criteria must be met to be eligible for full credit:

o You must make sure the pages are in the correct order and have the same layout as the
original worksheet when submitting to Gradescope regardless of your submission type.

o Answers must be written in the corresponding answer boxes.

o You must show your work when appropriate.

This worksheet is due no later than 12:00 PM (noon) on the Saturday, October 26".
A periodic table and formula sheet are attached to the end of this worksheet. Please keep
these attached to your worksheet in the correct order when submitting to Gradescope.




1. Which of the following is a conjugate acid-base pair? Select all that apply.
)( H2CO3 and COs* o preten s fierer o

cO | B: HCIO4 and ClOs™ ot ore e deifferans- acd L baw
(C) CH2FCOOH and CH,FCOOr

C10H7NH2 and C1()H7NH3.+
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2. The three diagrams below represent three different binary acid solutions with the generic formula HA.
Water molecules have been omitted for clarity and HzO" is represented by H* instead. Rank the acids in

order of decreasing acid strength. +H -
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3. Please refer to the figure in question 2 to answer the following question. Which of the acids is expected to
have the smallest K, value?

A. A
C B. B
©)c
D. All acids have the same K value
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[H30%]eq

Percent dissociation (a) = x 100
[HA],
4. What is the percent ionization of a 0.337 M HF solution? K, of HF is 3.5 x 104,
- TP e
3.22 | O© + HON = oty + F D @ *
. HFexf) + H0( O+ co) oS
Lntial | 0337 - o © = LM/K‘OO
0-33%
cromge | - % - +a | +2 = 3.22
- Crp*3ILFI - L
ka = Crap 3.oxi07x0-2%* ™9 Negare Ve
Cufl 3 4% [ [FA0X o 'gnered
3.5 l0#4 = [A3T* ok -4
D- 334’ “ - '44,46 xla -2
baplyte " 1007W0 20 55 o= + 1036 043331 X10

5.

8.5xlo™4
If benzoic acid is 0.42% ionized in a 0.80 M solution, what is the K, of benzoic acid?

A. 1.41x107 H.O*
H30%leq 109

6 141 %105 Percent dissociation (@) = THAT X .
' 0 : KN
[ 177 x10°% 3 gt s 27
D. 6.15 x 10* b Stat e prde

®

E. None of the above choices is correct.
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@ CoHg 00K ) 4 ()< [T ¥ C HsGPD (o) =323 L
Lokial | 0. 30 — o) o [C‘ng\'\ tho ; 36xl°'3
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6. Calculate the pH of -2 2 -2
Styory bt - C3-36X\0 1033
n-629 A. 0.00213 M Sr(OH), 0.39 664 oS
& (oW) 209D ﬂs’%*z"“z@) = |1 1o 203
[oH"] = 2% 0-00212H =
Ao 24X|D’3M -33 = 2. 3?‘ _ (‘.élq
- poth = —\og Ca26X"37 O = [l 000-2:3F1
3.2y |B. 58x10*MHI fhory acd

- -bg [Ho™d
- _gcs,g xlo-4) = 8.24



7. According to the Bronsted-Lowry definition of acids and bases, which of the compounds below is NOT a

base?
::O_ O Arestding v ~tie Em‘“?'d-wbt dagi~ton
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8. What s the K, of fluoroacetic (CH2,FCOOH) acid, if a 0.318 M solution has a pH = 1.56? Report your
answer using scientific notation.

X OV 2.3 X1073 G~
tdo_le_acp -2 ® . B
y x 10 CHFLOH () + £ho0) = HPp'em) £ CthF™(m)
Latial | 0-34 — o (o]
@ eucrrve CpoJuaggte P fomme ) m% | 7 ] R} TR B
pH : 1.56 ,o_|.5€ Equilibion 0-37—* - if?’ A A 2.35K10
, L o S _ .
- C_I'B; 35429_\2 203 XIo™*M 0.290457713 o “;?(?6 <10-2
) - - 35 X102
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= /
® U CrpFteo HI 0, 27045713

= 9.6Lh 6627 X3

9. Which of the following is a strong acid?
A. CH3;COOH

E B. HF

C. H3POq




10. Which of these aqueous solutions has the highest [H30"] at 25 °C? -3
A. asolution withapH of 3.0 [+ < (0-30- | XIDT=M . 4
. [ - s x "o H
C B. a1x 10 M solution of HNOs crregy &widl -+ CringeS = a0 “] <!
@ a solution with a pOH of 12.0CHz0%J+ | ¥ 0 2N

D. pure water [rap = [¥10” R oo calz ¢ CHO™IL
E. a1x102M solution of HF weak axd -/« &0 F w0 € Ix1002 M
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W py» e otre
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. 14 0-120 _ -l
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11. Which of these aqueous solutions is(are) considerid basic at 25 °C? Select all that apply.
[H:O*]=5.4 x 1078 . ored .
RC p03H=9.0 For a solubon ""L’ef“:‘%‘ a0
(C)1oH1=43x 107 Cvgo¥i< L0
A) kes= Crgo+3LCoH T ) pﬂ;«ﬁf;ﬁ(,@;‘;,oﬁ.o &) Chot] = 1 o™

_8 = )
1.0 X107 = 5.y x10°3] LOH] 5" x0T M 2 xio-2 28 Al0 )
EOE—JL! 1.9 x10°% Crpo*l - ‘O'D-!°H= o 12 lxjo-qH 43 xl D_boq([oH ]

_ HT~ =
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12. What are the [H30*], [OH7], pH, and pOH of 0.55 M HNO,? K, of HCIO is 4.6 x 10*. Report your answer

using scientific notation. WA dud H-
: S @ bw- CHOION I o Eond
“lly ~ E[ ) A

-2 [ X107 = A
pH- 3~

ATHOTL ) g x 10 : 5,1’36‘745'3’“0’8
~ 43 X1078 M
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B. [OH1. § 3 x10 ‘
' () HNO2(a)~+ HBOL) 2 o't + N e

Tnttial 0 ECJ — o (o)
C. pH. ). 40 orome | =L | — +1 | +x
Equiliiod O SH-1| — x L
@ ka= Clo*J D27
D. pOH. 12:20 CH o5
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13. What is the concentration of hydroxide ions in pure water at 30.0 °C, if Ky at this temperature is 1.47 x 10°

14? -— *C 3 +OH-L
N+ Kol o' (eq 29)
A. 1.00x10" M @ Iﬁoc ,:‘Z Al
E B. 1.30x 107 M cowial | — — » | o
C 147 x 10" M
8.93x10% M Crovye - — +20C +A
@ 1.21x 107 M
EAulbiod — - 2 £
*J OH’:S . ==
0-0°C . ConJ-=
@k‘o C*]E”‘J@Z’ |21 x 07T M
Lf’-)'XIO 1 - |~Zl:} Xw‘“l -3
LT T e 1021243566 £10
14. What is the pH of a 1.2 M pyrldlne (CsHsN) solution that has K = 1.9 x 10°? _ PRt
A. 4.32 ®© cgHeRop + KolD = 0H e (s Hs
C B. 8.72 Wé:‘i @
oo v, fmowalia 1 - 10 |o
JU Cs s NHT] Wap;:k X + £
H~ S - - +
CCsHeN] 1., x
1q x4 =_Ccx3t*d Epetioion] | - -
N 2 -2]
-2 00
I‘HID"'}?' 2= 14 xi07 X2
-5
_ . o« q 334 934 585X10
15. Given the ac.lds a.nd their Ka values: B = m * 4 ’L g obose, Ushie
Hydrocyanic acid, HCN Ka=4.00 x 10 _ 2= 2 o5 ™
Phenol, CsHsOH Ka = 1.00 x 10-10 @COH J == L3 g 107
e yY Benzoic acid, CoeHsCO2H Ka= 6.30 x 107 oot =—log L4334
What is the order of increasing base strength for CN-, CsHs0", and CeHsCO,? | = 4.32 + poH = 1400
CsHsCO,™ < CgHs0™ < CN% ekt A M st : H P)
O CoHsO™ < CoHsCO,~ < CN- FH'”’” 432
6l'15 el15 2 = q' "8

CN™ < CgHsCO, < CeHs0~

CeH5CO,~ < CN™ < CgH50™
CN~ < CgH50™ < CgH5CO,~
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16. The hydride ion, H-, is a stronger base than the hydroxide ion, OH". The product(s) of the reaction of hydride
ion with water is/are

b5 A. H,0'(aq)

OH'(aq) + H,(g)

C. OH(aq) + 2 H*(aq)
D. No reaction occurs
E. H,0,(aq)

H '(’;ﬂ) -+ ‘QO ]

v
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17. In the gas phase reaction below, F-is acting as a(n) olea SV ?pJ(‘ aug(rlm'
g (S e
C M'J Q"d S
:°||:': / :'llz': -
(->:'F':_ + Els—'F': — > |[:F—B—F:

o
Rawos Yae = IR tF:
DotV i C dusvast

A. Br@nsted-Lowry acid
B. Br@nsted-Lowry base
@ Lewis base

D. Lewis acid

E. Arrhenius acid

Juos apdrbom ot

1 Gov otk 00 orv aud. b o bae
18. Which of these species is amphoteric? o ko abve Chayes K anrl'd‘mo
A @O s hoo a gt =& T ot
A - HO'—> e Y vz apyot -
PO —D cov smiyy aesrb = prot
ClI-
None of the above are amphoteric.
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Extra Practice Questions: these questions will not be graded . base
| ! h Che cmyugose

1. In the reaction HSO4(aq) + OH(aq) = SO4*(aq) + H20(l), the conjugate acid-base pairs are
cA  Ch Cb

A pair | pair 2

Row 1 HSO,; and SO4*; H-O and OH".
Row?2 HSO; and H;O"; SO42-and OH .
Row3 HSO; and OH; SO42- and H,O.
Row4  HSO; and H.O; OH-~and SO4*".
Row 5 HSO; and OH™; SO42-and H;O".

Row 1
Row 2
Row 3
Row 4
Row 5

moow»

~ q_;lw'(,.'bnvnw tenotontr o temer=tc
2. What is the [OH] in pure water at 50 °C? K., = 5.5 x 10'* at 50 °C? depend, art”
2.3 X107 | ko= CTHz0*JCoH]
| B
df CHz0*] = [0t7) in purs wakes
NS Coll ot L

5.5xto” "= Cat] [
. 2= 6.5 X107

-
oy eoe 234520333 X077
;lwwﬂ-’)- ('ndnaao\«e, Valug d.:avwﬂar&d).
= 2.3%107 M = [pK]

3. Deuterium oxide, DO (deuterium is an isotope of hydrogen) has an ion product constant, K, = 8.9 x 1076,
What is the pH of pure D,O?

5 | O eermiedo [hgoT]in e wold
ko= THz0*JCOH-]
:‘4, CHao*] = [oti™) in pure wakes
\/M Call. Ot L
$.9x10"16 = C1J[)
. o2 % 8.9 x 1016

Yo e 4 o Ae T 2933236378 x10"3
dquq. C'Nﬂob\'fd Voalug dzd"ﬂﬁ(w‘

% (Wgof) = 2.48 %1078
@ M = —log Cigo* ]~ 3525204277
8 ~NF32

n



4. At 50 °C the value of Kwis 5.50 x 1074, A basic solution at 50 °C has

2 A. [Hs0"] < [OH] < 2.35 x 1077 M.
B. [Hs0"]<2.35x 1077 M < [OH]. o U
C. [Hs0'] = [OH] < 2.35 x 1077 M. Yot
D. [Hs0*] > [OH] > 2.35 x 107 M. ]

CHg0*] = [om-J= | 5:50x07 = 2.35u207 83 x\0~1H
p boaiC dolubye He Cw 0¥l < [oH~)
. [H20%) < 2.25x107+M ¢ CoHD

in o bodc SHET

in

5. At 25 °C, what is the hydroxide ion concentration and the pH for a hydrochloric acid solution that has a
hydronium ion concentration of 1.50 x 10 M? Kw = 1.00 x 107 at 25 °C. Use the rules of significant

figures to answer this question. @ km . CH-\,}()‘I’J COH '3
100 x10-% = [C1sox1074] U o]

Cou-J= §-66666% X107
PH=[2.99y ~ (63 xD7U

@ o ~°°at“{‘5\v

3_7>')__3_jo‘3’-l-l|| 3“‘5 P
o 3.320 g ppiamd place

-I

[OHT=| b-63%l0 | M

itow

6. Whatis the pH of a 0.020 M Sr(OH), solution?

pH=| 12.60 §r[oH)2 () — F2*(oqd + 20HTCqD
0.020M 6.020M 2(0:020MD
0.040H

. poif _Loa, Cod—) = - |.oa Co.0 2.0]
pH-= 14-00 - 1-3979 yoooq

= 12. 60209999
g 12:80



7. Which of the following is a Brgnsted-Lowry acid?

A) NH.* J
" Cl

A C. BFs gootee g
D. I,

8. What would happen to the Ky and pH of neutral water if the water was warmed to 37°C? The K. would

and the pH would

Decrease, increase

D

Increase, increase
Increase, decrease
The Kw and pH would stay the same

moow»

heet +Hho(0+ Ho (D 2 Hotes) + OHT ()
Decrease, decrease QJ Oukrigys oot Y- waler

erdp Holemit

LU mokeS rared He

e Llem oo S 4o
e Rght b Lin weutd
r oA W  C %b 'f"] 1

-1 pH
9. Which statement is true about the conjugate bases and their conjugated acids?
0 Conjugate base | pKb \‘/ Ptb JWW%M" b+
CH3CO2~ 9.25
NH3 475 .
PO 155 |—pp drromeet e el

oo wp

joe Aot

The strengest conjugated acid would be HPO4?>because PO4%is the strongest base

The

NH4* wz% be a strerger acid than CH3CO;H because NH3 has a lower pKy than CH3COy
conjugated acid would be HF because F-is the strongest base

The strongest parent acid would be HF because F- is the weakest base

10



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?/s?

1 calorie = 4.184 joules

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

Pressure

1 pascal = 1 N/m?® = 1 kg/m-s?

1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 |b/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
1mL=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=218x10718)

Specific heat of water = 4.184 J/g-K
STP =273.15K and 1 atm
Avogadro's number: 6.022 x 1023

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/Piot = Va/Viot
Ptot = Pa + Pg + ...
Ntot = NaA + N + ...

3RT

HUrms = M



Rate of effusion A [MWjp
Rate of effusionB | MW,

Q =Cx AT = Cspecific X M X AT

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

w = -PAV

AE=qg+w

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

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

c=Av

A =h/mv

AE = —2.18 % 10—18](i - i)
T ng nf
P\ AHy (1 1

n(3)-en(t 2
P, R \T), T,

Psolution = Psolvent Xsolvent

Psolution:ZPj:ZPij

ATb = Kbmi
ATf = Kfmi
T = MRTi

Thermodynamic and Electrochemistry

S = kb X In(W)
kp = 1.381 x 10723 J/K
AS = qrev/T

ASsurr = QSurr/T = _qrev/T

ASuniv = Assys + ASgurr

AS°rn = ZVSOproducts = 2VS°reactants

AH® i, = ZVHoproducts - 2VH®eactants
AG®y, = ZVGoproducts = 2VG°reactants

AG =AH - TAS

AG = AG® + RT:InQ

R=8.314 J/mol.K

AG® = -RT:InK

AG= -nFEce

F =96485J/(V-mol e")

E°cenn = RT/nF InK

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

Eceu =E°ce|| - (0.0257/n) InQ

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

Integrated Rate Laws & half-life




nm = —kt
L okt —
(4] [4]

4],

127 ok
In2 0.693
t1/2= =T

1

Y2 k(4]

Equilibrium and Acid / Base
Kp = Kc X (RT)AH

pH = -log[H30"]

Kw=1.0x 10" at 25 °C
Kw = [H30*] x [OH"]

Kw = Ka x Kp

pKa = —|Og[Ka] [A_

Buffer: pH = pK, + log —
Ky _ AHpxn

1 1
"= Tk &R



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 11 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 | Sc Ti \' 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 | 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 96 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] || [257] || [252] || [257] || [258] || [259] || [262]




