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4. Of the three options given, only HzG204 (option 1) can be polyprotic in water and
donate more than one proton (', hiydrogen ion) per molecule. CHzCOOH can
inie one proton pét moleculs. CHOH ie Yot protor donor.

The correct choice is (B)-

9. Tna conjugate acid/base pair, the base contains one Jess proton (hydrogen nucleus)
than the acid. Tn the list HF, H804~ and H3PO7 their respective conjugate bases
s -, 50,5~ and HPO, List (B) contains orly conjugate bases of the three

acids given.
The corsect choice is (B).

10, Dinitrogen pentoxide, NOg, s an oxide of & nonmetal, is a member of the class of
compounds kuown as acid anhydrides. When snch oxides dissolve in water, At
erhonius acid s formed. A strong acid, suck 85 HNOg, is represented as H' and

NOs beeause i is nearly 100% jonized. Note that 110 change in oxidation number

ooz when these oxides dissolve in water to form the corresponding acid. Tn N20Os,

o dation mumber of nitrogen is 5. Only choice (A) offers nitrogen with

oxidation mumber of -+5. All other choices require the action of a reducing agent,

which is not available.
The correct choice is (A)

11, The fon, HaPO, ™, illustrates amphiprotic behavior in that it can either accept or

ouate » proton. Tn equations 1, 1T and V, HaPOs™ acts as a proton donor. In
Only choice (E) specifies

equations T1I and IV, HPO,~ act as a proton acceptor.
e cquation illustrating each type of reaction.

The correct choice is (E)

ng a proton from water to form NH; and
 response. Choices (B) and (C) require
resent. Choice (E) calls for the presence

{ .. 1), also not

12, Amide ion, NH,™, is a strong base accepti
OH-, choice (D). Choice (A) is a nonsens
oxidising or reducing agents which are not D
of a base stronger then NH?™ (proton acceptor as in H

available.
The corvect choice is ()

13, To bo dlassified as a basic auhydride, an oxide of a metal must be soluble in watet.

The oxide ion reacts with water to form OH” sons. OF the options given, only NazO
and BaO (options 1 and 1) are soluble, such that their oxide ions accept protons

from water as Delow:
0%~ +Hz0 — 2007

The correct choice is (D)
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20, I the original solution of H;$04, much of the SO~ prosent as the protonated
{ons ave donated to O™ by HsO™ and HSO4™

form, HSO4~. As OH ™ is added, pro
Phs accounts for an incresse in [504°7). A¢ the beginning of the reaction, all of the
Na+ is present as fons in NaOHn, b sined in the buret and not part of the

Leaction mixture. As NaOHa) 15 " ded from the buret, (Na'] in the reaction
}, pasticipate in any chemical reaction

‘mixture increases; Na™ does 10!
The correct choice is (A)
51, One properly labeled solution to this ‘problem is

0.0264 L NaOH sol'n 0125 mol NaOH
30750 L, T804 saln 1 L NaOTL saln

The correct chojee is (€)

25, The mistake described in the question would bhave no cffect on 21 value in the data
table. This mistake does ot change the mumber of moles of HySOq presert o &
veactant. Similarly, this mistake ould also have no effect on the results for the

reported molarity of the original unknown HySOs. Towever, that value is not

seported in the data table ond is not related to the question.

The correct choiee is (E)-

25, This mistake causes the actual L oaakivn of Ma Oy o be dacrmseed THowever

sinee this rristake i wiknown t0 the technicien, (¢ will not appear in the data table.
Again, sice the concenlration 8 lowel, & greater volume of this “known” NaOH
B don will be needed to reach neutralization, Simco a greater volume was required,
the final volume NaOHag will be veported larger, This would also cause the
reported molarity of HaS0u to be reported larger but that value s not part of the

data table.

The correct choice s (A)-

ocers according to the equation

24, Hydvolysis of CO’
052 +H0 = OH™ + HCO3%~

e mass action expression in choice () matches this equation

The correct choice s (E)

25, When diluted with an equal quantity of water, 0.0060 M NaOH becomes 0.0030 M

([OH™] =30 % 107 3 2f; thus, [HT] =33 % 10~12). Using the definition of pH:

_log33+12%115

i = — log [H] =~ log 33+ (- 10¢ 10

ot necessary, because the student should recognize that 1og
5 is a reasonable

Actual calculation i
0% and that, of the choices given, only u

3.3 is approximately
estimated value

The correct choice is (D)-
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(C) (1) (See sugestions in the solution to part (B) (2) above). The volume of
KHC,01 needed for neutralization is the same for both experiments. The
additional water does not affect the number of moles of KO that must
be newtralized. Therefore the volume of KHC,Oq needed to reach the
equivalence point remains the same.

(See suggestions in the solution to part (B) (2) above). Tho value for K]
i smaller in the second experiment. The same mumber of moles of K is
present but that amount is dissolved in & greater volume of solution; hence
(K*] is smaller.

(D) Strategy: Give explicit response, then give reasons to SUPpOSt your xesponse.
The molarity of the KOH solution would be reported too high.
The worker has actually prepared a solution which is more dilute than it is
labelod. This solution contains fewer proton dovor jons. Thercfore, more
eolution is required for neutralization. Thus, use of more solution implics,
ncortectly, more OlI™ g in the KOH solution. Therefore the concentration of

OH™ (o) is reported too high.

Overall Strategy: The reaction Ba(OH)a(uqy and HaSOsaq) produces 0 and
BaS04z 55 products. When Ba(OH)auq s irated agaimst HaSOuey), ot Jeast two
iinds" of endpoiuts can be observed. One endpoint is based upon the fist evidence
of excess O (oq) using phenolphthalcin as the indicator. Another cudpoint 1 based
wponn evidence that the conductivity of the reaction mixture has reached o ‘minim
‘A glowing lamp or an ammeter provides such evidence. When an additional quantity
of B (OMJa(ug) 15 added past the endpoint, the laxnp begins to glow again

(A) Both reactants are fonic and conduct electricity, One product, BaS04(s), 5 &
early insoluble solid. The ofher product, water, is a moleoular liquid. Very few

tons are present at the point of exact neutralization. Both products are poor
conductors of electricity. Net ionic equation:

Ba® (ug) + 200" o) + 2H* (0 + S04 (ag) = B2
(Note: In the pr

Oy + 2120
sence of excess OH-, any HSO4~ present is converted to 804”)

(B) The light goes out becanse the mumber of fons present is oo small to allow
enough cussent, fo pass to lluminate the lamp. However, the munber of lons
orosent does allow a small but detectable curent to flow. As Ba(OH)z solution
s added, SO2~ fons are removed by precipitation as BaSO; OH™ fons react
ith H fons to form water. The decreasing concentration of ions in solution

ccounts for the extinguishing of the lamp. The amount of current that passe
o on small to allow for Tighting of the Jamp but can be detected by the
ammeter



[image: image7.jpg]Jegsuon Apreau a1 F3d

o ponbo oot s UOATIOS o1 10 FA a1 P 0327 01 95 el

syt aveu ouA © Su ([HOOOTHO! igyer oyy S Suo| Sy UOHBUIMEXS
i i { v 1 1Sy

~G00m0]
aq Jo qaud osuodsay] 9031 A W popuosd swiesuop) pue swNwE jo
_GOSIOPUDH A} B WROWY 81 SHLL,

e s U st P UOHTAY TS
[HOOOH: ]l
= Fop + *xd = Hd
[Looamo} TR
oo atgy Aq ueats st uopnos o 30 HA UL

pOMINSTIOD UAAQ IATY
s (101doooe pu Tou0p U0joid) a8Tq PUY PE IO sonquenh
Jou o prd w sofueip [PHUEISQUS ‘SUUL “HOODPHO

seq _QODCHO ‘58] 9
‘osq opeBu(uoo s

g o1 W AT
am U poatasao
prow ot oy suojod s3da000 UOLINIOS SI) ) PDPY
03 st0301d. 5IRTOp UORI(OS SIY 01 PPEY POV _O00FHD
pite ‘HOOOFHD ‘PIOT 1o a1 SULGUOD §t T Togynq @ st wopgord S ut
Lownjos oL PApPE S dseq 0 PIT DO Hd u eBueip sl AED

omuyos @ S pouyap Os[e S1 TORKIOS 12N ¥ -pyd 1 9B A A POPPY 4

Tt 9500 0 PG Jo SoRITEND [PPSR (PIEA 03 UORNICS &1 woynpos 2 ¥ (V)

Goru(os RGO} 1 $2J0[0s s© proy 103da0F woyoud pue iouop uojoud
o &q pofeqd so[ox AT OIE DAL JO OV LIS wogoud o3 £ poseld o[04 U

v postiaoy st P [FORTAD FOIQOIT GOURIOS NG 0T o IS P08

soswamep mopmos Jo 1N wod as8q JO

Sofout “DIOIBL], “IUITS ALY SUIBWRX Surovoa osEq PUE OB JO SITOU JO TquInK
o oo Siyy U3 01 PaPISU Y UORTOS UL 10 SUHOY JoBa] N
o prom tonnos {HO)PE o) Jo ToHueond o Jo S0 ol
s ot 5@ duey Funoyd ouy jo soueIeuddeas o) 50T a0 31 KeS
soswoIp HOIOS Jo 1ou[ 20d 058 Jo S9OU HIORIL

ot oy SureuIoT FUYRT 65U DU PIOE 0 SO JO DAL oy, “uiodpus
st v 01 popASH St UOYRIOS E(O)EE Jo dnon Jofire] © ‘UoAIB UORUIKIOJL

o 0} Suipioooy osvaIRD PION UOLLIOS “(O)eE AW o UOWEIHUSOD
ot 30 onTeA oy “wiodpuS Oy ¥ 1YWAPL A O oS ojon ot 980U AT IT

onnjos TOSP Jo Aipuenb poxy o ommna ©) poxmbar owm(os A
o soseaioap UOMN[OS E(HO)PEL T Jo UOERIUANOD 3 amuSoosy KRS ()
fut ujos FOSTI T T 108 *(HO)d 'L 8LE00
HHO)vH 1 ST 0w 00800 U108 POSTH T 08200

oo S(HO)R ot J0 Asiou au L. WL woynpos S(HO)PE
Jo armjon posmsqo o u Masaid o1 KU 2(0)ed 0 solour W VOSTH 10

B ot iy o7 om{os 1 pue HORU(OS RO A Jo MUTIOW B PH wopn(os

Jo som sod S(O) e Jo SO0t U passaidsa 0 01 <t Hopeanaton whow{D AL, (D)

soupUpUEo 1L Fumsal ‘SU0L _HO PU¥ 08

stiof osnuoaq D e $908 JUBH AL WL
ssooxa ur poppe St mOATI0s E(HOJVE o v
Suponpuod v sanubox dwE( o1 J0 UOREUITIL ()

105 “(HHOJ:

ss000 s guosoxd TrESe HOUO
o) oqurexe FOSTH OU St 90U
O 93Ty "TOBN[O8

GINATSAS asva-aoy 6 NALdVHD 5L



[image: image8.jpg]ACID-BASE SYSTEMS _ CHAPTER 9 7

(B)

©)

(D)

(E)

Tn Lewis structures (structural formulas), it is common to use a dash, —, for a
shared pair of electrons and a pair of dots, :, for unshared clectrons. (Other
similar veprosentations are permitted.)

0o 2
[
n—c—d”
I % |
H H

[CH;COOH] increases and [CHsCOO| decreases. Note that proton transfer
caus

s changes in the concentrations of all species imvolved. Tn this problem,
HSO, is the stronger acid; CHyCOO™ is the stronger base. As proton fransfer
occurs, concentrations of the reactants [HS0;7] and [CH;COO™| decrease
while concentrations of the products [CHsCOOH] and [30,2"] increase. Eac
HSO;~ donates a proton to CHsCOO™; thus, 0.15 mole of protons is
transferred from HSO,~ to CHyCOO™ to form 0.15 mole of “new” CHsCOOH
The capacity of the buffer has not been exceeded. There is still some
CHyCOO™ remaining (0.10 mole) to accept more protons from any added acid.
The amount of acid, CH;COOH, present has inereased to 0.40.

[CHyCOOM] decreases and [CH;COO™ ] inereases. This is approximately the
opposite of the changes that oceur in part (C). Some of the OH added accepts
protons from CHyCOORL. Of the 0.40 mol ONI™ added, 0.25 mol OH~ accepts
s from CH3COOH forming CH;COO ions and HyO molecules. Nearly
mol CHyCOOH is consumed as 0.25 mole CH;COO™ is formed. The
number of moles of protons transferred s nearly 0.25. Due to the presence of
the excess 0.15 mole OH™, [OH"] becomes 0.15 M. The capacity of the buffer
has been exceeded. The pHl of the solution increases to about 13.

Tor this process, crystal lattice energy is greater than hydration energy. In an
endothermic dissolving process, more energy is taken on (stored) than given off
(released). In this process, energy is taken on as crystal lattice energy (bonds
broken) than is given off as hydration energy (bonds formed).
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