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Instructions:

This recitation worksheet covers Ch. 16.4, 16.8-16.9

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

Your UGA myID 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 eL.C.

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 eLC.

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, November 9.
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 pairs below has the stronger acid listed first? Select all that apply. Insert letters
without spaces in the answer box, example ABCD.

X HCIOz and HCIO3

60¢F B. HsPO4 and H,SiOs

,Q./ [3CCH,CH2COOH and CH3CH,CCI,COOH

D. H,POs and HPOZ

E. CF3;COOH and CH3;COOH
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2. Which of the choices represents the correct order of the acids below in order of strongest to weakest?

O)
HBr, CHCI2COOH, CH3CH2COOH, CH3F2CCOOH, I2CHCH.COOH

HBr > CHCI,.COOH > CH3F.CCOOH > [,CHCH2COOH > CH3CH2COOH
CH3CH2COOH > |,CHCH2COOH > CH3F2CCOOH > CHCI.COOH > HBr
HBr > CH3F.CCOOH > CHCI,COOH > [,CHCH.COOH > CH3CH.COOH
HBr > [,CHCH2COOH > CH3F.,CCOOH > CHCI,.COOH > CH3CH.COOH
CHCI2COOH > CH3F.CCOOH > [,CHCH2COOH > CH3CH2COOH > HBr

moow>

. . . w '~
- hHe MRX e Qude Sre ovgarC acdo O are) Was BE

. ‘a

mwﬁmwmmvw , . :
@ Lo oS Mam’o ande - ’e“‘n JVP"Q“’\'"” waate % dﬂ)blad'“kb elesrornagabie
(TR LY

@ tosie ot 8 L K]
noFoo g o T t‘-‘.?" H T".‘.’ .
H-‘? c'; -0-H> H- c- -0-H> H—(,l'?‘ o-H> H—'C c- —H
H F Cl Tr H H

® © ® ®



PaiC solutienr (Weak b))
3. You were asked to prepare an aqueous solution of pH ~ 8.5 and you are provided with a list of salts below.
Which of these salts would you use? (Ka1 HsPOs=7.08 x 1073, Kaz HoPO4 = 6.31 x 108, Kas HPO42 = 4.47
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4. The salt of codeine, codeine bromide (C1sH21O3NH*Br’) has analgesic and antitussive properties. Calculate
the pH of a 0.324 M codeine bromide solution. pK, of C1gH21O3N is 7.95.
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5. Which of the following ionic compounds when dissolved in water produce a solution with the highest pH?
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6. Use the picture below to answer the following questions
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A. Of the elements indicated on the periodic table shown above, which forms the strongest binary acid,
HoX or HX, where X = A, B, C, or D?
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B. Ofthe elements indicated on the periodic table shown above, which forms the weakest binary acid, H>X
or HX, where X =A, B, C, or D?
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C. Ofthe elements indicated on the periodic table shown above, which forms the strongest oxoacid acid
with the formula H,XO, or HXO,, where X = A, B, C, or D?
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D. Ofthe elements indicated on the periodic table shown above, which forms the weakest oxoacid acid
with the formula H,XO; or HXO,, where X = A, B, C, or D?
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7. Which of the following will be the strongest acid?
A. CHs;CH2OH . . 4
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8. You are given the two sets of acids and each set consists of two acids:
Set I: a) H,Se and b) HoTe  Set ll: a) H3PO4 and b) H3AsOs,
Use the two sets of acids to answer the question below:
Which of the acids is the weaker acid in each set?
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9. Calculate the pH of a sulfuric acid (H2SO4, Ka HSO4 = 1.2 x 1072) solution that has a concentration of:
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10. What is the [H30"], [SOs2], and pH of 0.054 M H2S03? (Kar = 1.54 x 102, Kaz = 1.02 x 10° 7)
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11. Using the table below for the relative acid strength, arrange the following species in order of decreasing
relative base strength: ClIO2, Br-, H20, OCI-, CsHs0" oud dheegtn Le
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HSO, Hydrogen sulfate ion 12X 1072
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CeHsO > OCI- > ClO, > H,O > Br
Br > H20 > ClO; > OCI > CeHs0"
ClOs> > OCI > Br > H,0O > CgH50"
OCI > Br> ClOy > CgHs0 > H,0
H.0 > OCI- > Br > > CgHsO > CIOy
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12. Diclofenac sodium is the active ingredient in Voltaren®, is a non-steroidal anti-inflammatory drug used in a
gel form for arthritis pain relief. Calculate the pH of 0.435 M diclofenac sodium (C14H11CI2NO2"Na*) solution.
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13. Rank the following species from strongest to weakest base. Select an answer choice from A-E.

CH3NH2, CH3NH', CH3OH, CH30', CH3COO'

' e Gan, QWO /e
(A)XCHsNH"> CH3O"> CH3COO > CHsNH, > CHsOH "‘q""’"’" J poink oles G
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C. CH3NH > CH30 > CH3NH; > CH3;COO > CH;0H
D. CH30 > CH3NH > CH3COO > CH3sNH> > CH3sOH
E.CH3NHs, > CHsNH > CH3;0 > CH3;0H > CHsCOO-
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14. The primary chemical responsible for the flavor associated with vanilla is vanillin.
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Which of the labeled hydrogens would be the most likely to generate H* in solution?
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15. Which pair of acids lists the stronger acid first? Select all that apply.
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16. Which statement most accurately explains what would be observed about the acidic nature of these
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17. For each of these, define the resulting aqueous solutions as either acidic (A), basic (B) or neutral (N).
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18. What will be the pH of an aqueous solution made up of 0.514 g potassium cyanide KCN in 125 mL water. K
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19. Each of these pairs contains one strong acid and one weak acid EXCEPT:
H»,SO4 and H,CO3

D HNO; and HCIO;

HBr and H3POs

H2PO32_ and HCN

. HCl and H,Se

A) HZSUq (§1y) , thg [eocD
E) HNU;CCS'VT""\%} » HAO ( weakd
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20. Which of the choices represent the substances below arranged in the correct order of increasing pH? All
solutions have the same concentration of 0.10 M. G fror Jﬂ,,.,_g,l’ 4o

HI, NaNO_, NaOH, NH4CIO4, LiNO3 Ng}vk f’H

b NaOH < NaNO; < NH4ClO4< HI < LiNO;

HI < NH4CIO4 < LINO3 <NaNO, < NaOH

NH4CIO4 < HI < NaNO- < LiNO3 < NaOH

NaNO; < NH4CIO4 < LiINO3< NaOH < HI

LiINO3 < NH4CIO4 < NaOH < HI < NaNO;
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21. Which of these would you predict to be the strongest acid?

A., FCH,CO,H
A _ CICH,COH
BrCH.CO2H
< ICH,COH
“M"ﬂ‘efo E. CHiCOH —p doqet tovkours & hado)arv
Howd Iy ekt aid

a~ induCh e efed” -
Ey Clybs 7 T v Jer? =% Wg(ﬂ
Mo aare oled AL AL “+e geen b

e oY Al indu bl efted

E CHy oo H o -fe d\rwael—a.a‘d

Extra Practice Questions: these questions will not be graded

1. When ammonium perchlorate, NH4CIOs4, is dissolved in water, will it give an acidic, basic, or neutral

solution?
A. Acidic
ﬁ B. Basic
C. Neutral

up I it < Niz (W‘b&*D

Ny (andi Q) Lot) ‘
NHqC\Oq —> RL‘ Gu S HuoqCJhwn Aud)

S s ClOY (masrAD el B

2. Which of these would you predict to be the strongest base? — pill have <ite J¥aY cob Ao "C}

A. CI —» (el baw 6 Rl Jo hydm
& B. CIO- $ el Fydm o
C. C'Of%«hz, AL DX S anre Hedle e TeJarte chale
D. ClOs o veedar ban
E. CIOs : CAD- K e Sheabaw

Uonyusy A v 6y RUOq (T rod) - el
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3. Which of the salts is(are) considered basic when dissolved in water?

B . NaNOs3 sewss-l
.  KsPOs baail
H. NH.Cl il

A. lonly
B. Il only T. N +i NO2~ (ovac ol greusead Jm*)
C. land I A NE 5 -
D. land II K 50‘0“3@7» becie: <] HNQy (Stromg 2ed)
E. lland Il From, Nt (§rog bax) )
;. reusred . PO (svesayy o bbo2ic sak)
./ 4 \»wmmba%QHm‘,D (wealt ac)
o ok C&-nxyo baie) " badic

1T Ni—\q+§C\" Lw‘mm&O .
e P T eyueals bone & HUL [ Sy ﬂﬁd)
N T EINURY Ry thy)
4. Farmers who raise cotton once used arsenic acid, H3AsO,, as a defoliant at harvest time. Arsenic acid
is a polyprotic acid with K31 = 2.5 x 1074, Ky = 5.6 x 1078, and K,3 = 3 x 107"%. What is the pH of a 0.500

M solution of arsenic acid? * d
A. 0.85 Wpﬁoac: . of
. . Rat b Kol w greqss ey |
& (219 (e dierence boenba b B 0T

. : iy Lena U 4o CHg0*D
D. 4.51 5 e ok Sof msinly

e wor
@ e, POy (1) + Hpol)) = Hy ASOY () H5c0> oD

o
A
E p-200-" - "
® Ka ¢ C\-\)_P‘SOQ’] TH20")

CHg oy
9.5xio"4 = C10*]
Co.s00-#1 ¢ _—>>\°°
“al= 251071 % Co 500]
© o=\ rasxbt - '“zoggjjmo e, g ae

® Cwio*)=n-=
1118623434 Y102
i= -log Cigo®] = 11951544113

¢ 214981 15



Al foubore arelle gare cmiadr stn o
5. Arrange these 0.10 M aqueous solutions in order of increasing pH:
NaOH, HBr, NaCH3CO,, KBr, NH4Br
D A. HBr, KBr, NH,Br, NaCH3CO,, NaOH
B. NaOH, NaCH3CO., NH4Br, KBr, HBr
C. NaOH, NaCH3;CO,, KBr, NH4Br, HBr
D. HBr, NH4Br, KBr, NaCH3CO,, NaOH

~NaDH t Shoawy ke Chigrt ¢HD
_ HBy: WYy niid ( dowodk pH)
a0 ovcolt b 6otk

M < NHy Brd Kby <Natkh, < Nao H

K
_ ktigrm t eneivel ek
oA
m’:mvl ol
- NWgtiee ducbic sl bosiC Sadk
: KM‘-‘T’ A Tedry ol : _ A:?F—
6. Determine the pH of a 0.22 M NaF solution at 25 °C. The K, of HF is 3.5 x 107°. i - 0""5“{1""5’
e N (el
$-90 © Flm) + Ol = HF Lw() ¥ H3°+(*D st s
T o0 ': o o
cC - ol o
Eonx-+ — ®
|
-1y _I6 L= b 295 424 x10°
@ klof' K = "D*‘O _=.2"’l)tl0 : . 6 ﬁéﬂ‘]\(’o
ki = CHET CHaod P ooHde F ﬂzw;““" ‘e
CF-1] PDH = —(Dﬂ Potl-J - 540081
K
L -lo . 70) : P = 14.00- PO
9.q xlo (2
2543 & -3 94413?3"3

7. When blue litmus paper is placed in a substance that is aC|d|c it will turn red. Whlcﬁ s%ﬁjtlon would
cause blue litmus to turn red? Auds©
a solution of 0.10 M NaBranguhsed, &t
C a solution of 0.01 M NH; wede bue
a solution of 0.01 M NH4CIOs guid i Sk
a solution of 0.005 M KF parwC, feut
a solution of 0.10 M Ca(CHsCOy), bomC AL

moow»
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Aidio vl
w%
8. Calculate the pH of a 0.59 M solution of NH4CI Ky for NHz = 1.8 x 1075,

u.-14 © NHq*m’)H—b_oLO = M\-\bcm+ HgO*Cq)
T 099 +7L,
cC -t - -w. L
E 0.-54-v - w
@ Ka= Ko _ 10 xo™ ' . 5. b % 10~'°
ke Trogx 1075

g w0710 caI0nd
> Co.5a-41 £ >>100

ko= Cody] CHeO™
Codgtd . 2= 8.304XI0

Co . 96842
1. 2 490943 s £ 816
® Cngot]= 18178 Hz -lg CH203= 4.34047998! = §-H

9. What is the pH of an aqueous solution of 0.184 M carbonic acid, Ho.CO3? (Ka; = 4.2 x 107, Ky» = 4.8 X
107") 3 Yo diffemrnce Ltnav Eal kL kal o >|0°

-t0

E g. 322 O, W0y (ag) + oD = Hcog (m)+ Hso*‘ CoqD
C. 2.97 -
D. 3.50 I o ‘3L‘ _ s g
E.356 G — % o “
E 0-1%4-% -
@ Kag = Crlo;-3CH20*] L paxlote Ca3tA)
Cugin] co- 134747 C C 5>l

w2< 4.2 x\0"? Co-13 4]
<ok 2.:}?‘?‘79—$06’+ % 10”

Chzo*]- 2.2749 2905+ %[0

pH = -0g CHzo )=
3.555466 443

~ 8.556

10. Which solution has the highest pH?  —pp psectadt sid
c 0.10 M HBr(aq)

010MH|(aq)>'5"°':)°*‘d
0.10 M HF(aq) —p» eak acid

0.10 M HCI(aq) shoda acd
0.10 M HCIO4 aq)> k)

-4
-4

moo >
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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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