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Chemistry 12

UnitIV — Acid/Base I
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I) Properties of Acids and Bases

Acids
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IT) Arrhenius Acids and Bases (1903)

Arthenius Acid: 4 Substance That redeases H? L water.

Arrhenius Base: & Substance ‘H\M refeaseg OHvl:L water .

Salt: the neutralization product that results when a strong acid and a

strong base react —-made up of a METAL (o and a_nonN - METAL lon! .
(c4~r,m\;) (,4,\,,0,\,)

e.g. HClag + NaOH@g= H201 + NaClag)
str.acid + str. base = water + salt

e.g. H2504@q +/KOH@q) :2'/420(4) + K, S0, (5}
str. acid + str.base = wak+r +  sadt

Net Ionic Equation for a strong acid/strong base neutralization reaction:
(net ionic equations display the true chemistry that is occurring — spectator
ions are not included)

H* v OH Yy — H, O te)

(29)

Assignment 1: Hebden p.110-112, Qs #1-4
Read pgs. 112-114 (Think about Qs 5-9 p.114)

III) Bronsted-Lowry Acids and Bases (1923)

Bronsted-Lowry Acid: A substamce that odonates a
Fro-(-vm (H") —o  amother substarce.

Bronsted-Lowry Base: /4] guwbstance Fhoat a,cccfaﬁ' a
Pro-#e—m, (H") frov amoter Substance.




Assignment 2: Label the acid reactant and the base reactant

1. HCl + H:O = H3O* + CI

k B
2. NBHa + HéO < NH¢ + OH

3. CBO32' + Hi‘O < HCOs + OH-

4. HPO# + HEr = H2POs + Br

B
5. HPOs? + HS- & PO+ + HJS
A B
6. H.PO+ + HF <& H3PO: + F
B k
7. H2POs + H2 O « HPOsZ + H3O*
2 B
Also do Hebden p.117 Q #11

IV) The Acid/Base Table

- acids are listed on the left from top (strongest) to bottom (weakest)

- bases are listed on the right from bottom (strongest) to top (weakest)

- the separate region at the top represents the strong acids (there are SIX),
meaning they dissociate 100% (one-way arrow — no equilibrium)

- the separate region at the bottom represents the strong bases, meaning
they dissociate 100% as well.

- Alkali metal hydroxides (eg. NaOH) and Alkaline Earth metal hydroxides
(eg. Ca(OH)2) are also strong bases, they are simply not listed on the table.

- Alkali metal hydroxides are very soluble salts (bases), whereas Alkaline
Earth metal hydroxides are low soluble (except for Sr(OH)2). Thus, even
though Alkaline Earth metal hydroxides are deemed to be strong bases,
their low solubility disallows them from generating a relatively high pH.

- Transition metal hydroxides, along with Aluminum hydroxide, are weak
bases (Fe3*, Cr¥*, and AI** shown on the table in the middle section).



- the section in the middle of the table represents the weak acids (left) and
the weak bases (right). These substances form an equilibrium with water
as their dissociation is defined as being <50% (most weak acids/bases, in
the Chemistry 12 context, dissociate < 5%).

- therefore, weak acids are poorer conductors of electricity than strong
acids (ie. they create less ions in solution than strong acids).

*same with weak bases.

V) H* and HsO*

H*is simply a proton. Why? H?* ¢ missi ~ an Uectron and its
mist Cemmen 1sotope s wiFhent o noubret .

When H* is created in water (due to the addition of acid), it immediately

reacts with a water molecule to form the HYDRoa!lUM jon. Remember,

a proton is an extremely concentrated positifve charge and water’s oxygen

atom is partially negative in charge.

H + HO = H,O7
proton water hydronium ion

*thus, fr el Fro"vns do NOT exist in water!

Because this reaction is instantaneous, H* and HsO* are used
interchangeably (H* is used primarily for shorthand) . The dissociation of
acid in water can be shown with or without water in the chemical equation:

l) HCl(aq) = H* + CI SA—W{W
1i) HCl + H20g = H3O*+ CI- ,&vj hand / actral )

All of the reactions on the acid/base table are written in shorthand form.
Each can be converted to type ii above by adding H20O to the left side and
changing H* to HsO* on the right side.



Change three equations from your table to include water.

HcooH + H,0 — Hy,0m+ HCoo~

- _ + 2~
H503 + Ho — H,0*+ SO
Hew + Hyo =—  H; 0"+ W™
An ACID can only act as an acid if it is in the presence ofa_ BAS E

ABASE can only act as a base if it is in the presence of an __ AC ID .
Water can act as either an acid or a base (it is amphiprotic in its nature).

VI) Further Definitions within Bronsted-Lowry Theory
H X

MonoprotchCId( HA) o oacid Hat can Supp up b v
proten mtar (:j HC@ Hond | CH CooH ete.

DiproticAcid(“g.A): an  aciod Fhat Can s pé,?, 0 4o Ywoe
Pro'bvvs. g: ‘H;SO.,’ )—/2,593 ) H,CD,.-;)/"QS’ ete.

Polyprotic Acid (Hef): an acid Hhat can Swfpl(tf up Yo Mamg
xz2 Fro'f'e—r»S- ﬁ: H”So'f ) Hs PC}H’) Hs B0, , efe .

Amphiprotic substance: A swbstance FHhat has Yo abi s Yo

oct as tithey am. actd ev a base (/'\ Wai'&r AA
M{/lv roic fwbS'I{thCe Can act as both

e H. O, HCQ3~, HSO3™ |
Look back'at questmns #4 and #5'in A551gnment 2. What do you notice

about HsPO4- and its behaviour in either quest10n7

,"' Cp L{ ’+S a bagc OM,J TN ¢g 07’5 QR acid
What can be concluded, then, about HgPO%*?

H must be  AmMPHIPROTC



H20 is amphiprotic as well, but it’s a special case; see #3 of Assignment 3.

Generally, amphiprotic substances (except for H2O) are polyatomic groups
that contain at least one proton and are negatively charged.
HSOs, HPO4%, H2POxr

Exceptions to this rule?
How can you tell if a substance is amphiprotic using the acid/base

table?
1£ it is observed v both  Columins.

RULE: In a reaction between two amphiprotic substances, the stronger
acid (higher on the left side of the table) will act as the acid and be the
proton donor.

Assignment 3: Determine the products

1. HCOs + HiPOr &  HFPO,*" + H, Co,
B a

2. HPO# + HSOr &  H, POy~ + SOy?~
B A

3. HHO + HSOs <& H, 0" + S0,.*-
B A

#3: Water is a special-case amphiprotic as it is the Mot es ﬁ weak acid AND the 44 £€5Veak base.
Thus, any other amphiprotic species will hydrolyze both acidically AND basically in water, but one will

predominate. ‘ £ "react wite water y
4. HCOs + HSOs < HwCO; N 500( 2-
B A

Also do Q12 p.117 and Qs 13-14 p.119.

~Quiz 1



VII) Conjugate Acid-Base Pairs

Conjugate acid/base pairs are molecules or ions that differ only by a
PROTOWN ( L *)

A base has one / ¢Ss proton than its conjugate acid, and an
acid has one more proton than its conjugate base.

Remember to adjust the charge when writing the conjugate.
(Gain proton => less - / more +; Lose proton => more - / less +)

What is the conjugate base of each of the following acids?

HCIO: /| CLOy ™ PHs /| PH,

CHsCOOH / CH;Coo™ HNO: / No, -

HCOs /| H 0" HC20s+ / (‘a'o‘fz, -
What is the conjugate acid of each of the following bases?

CN- / Hend H2POs /| HsFO;

HSOs / H, S0, F/ HF

NHs /N ihyt HCOO-/ HcooH

Acid/Base Equations

Complete the following equation and identify the conjugate acid-base
pairs.

1
HCOs + H2POr < H 3 CO3 vy  H PO.‘,z B
B A A B

i I _—



Assignment 4: Complete the equation and identify conjugate acid-base
pairs

l | —1 B

1. HSOs + HHO &  S0y2- v H,0*
piw__ﬁ___,_ — A

2. H:0 + HNO: & H,0* + Wo,"
B A A
o :

3. HIOs + NH; < 0.- N +
A |2, l53 : AHL*

| |

4. CO» +HF & HCo, + F-
8 A A B

5. " HsPO4 . 5 S + H,Poy

B
6. HéOs g CN N to=- + Hed
A

7. H3BOs + HO» < H,ﬁos H, 0,

A B B A
————

8. COe~ + H:»fo N p‘.c 04 * OH"
B B B

9. HHO + HiSOs & Hyot + Wso,-
B A A 8

Assignment 5: Hebden p. 121 #16-19

VIII) Strong and Weak Acids and Bases

Strong acids and basesare ___ | Q@ ?,, ionized (dissociated) in solution.
Thus, they react to completion and do not form an equilibrium (see table).

e.g. HCl + H20g = HiO* + CI
0% / 100% 1007,

mwua



Weak acids and bases are not 100% ionized in solution (in fact, by
definition, they dissociate <50% -- in Chem 12, the general assumption is
that they dissociate <5%). They create an equilibrium with reactants
heavily favoured (ie. [R] >> [P] - therefore, Keq { 1)

e.g. HF + H20 < HsO* + F
95 % 5% S%

Only weak acids and bases are in equilibrium with their conjugate pairs.
Strong acids (such as HCI) have a conjugate base (Cl"), but they are unable
to form an equilibrium because conjugate bases of strong acids cannot act
as a base (see table). The same idea pertains to strong bases and their non-
functional conjugate acids.

*It is important to mention that the terms strong and weak differ from the
terms concentrated and dilute.

6MKOHis STRoNG and (ONCENTRATED |

0.0001M KOHis _STRon G and__ DILVTE
6M CHsCOOHis _ WEeAK and _ CONCENTRATET,
0.0001M CHsCOOH is _ WE A K and DILVTE

So, to summarize:

In order to determine if an acid/base is strong or weak, one must determine
the SFW ¢S

In order to determine if the same chemical is concentrated or dilute, one

must know the Mo lar ‘*'l;,r

10



Leveling Effect

All of the strong acids listed at the top of the acid-base table ionize
(dissociate) 100% in solution. Therefore, each of the six are level in
strength. The same goes for strong bases.

Thus, HsO" is the ‘strongest’ acid that can exist in water (aqueous solution)
because H3O* is the result of adding a STRONG acid to water...similarly
with bases - OH- is the ‘strongest’ base that can exist in water (aqueous
solution) because OH- is the result of adding a STRONG base to water.

Question: Why are 1M HCl and 1M H250x [evel in strength if one species is
monoprotic and the other is diprotic?

/M Het : Hee + Hoo —> Hor r LT
/M ! m I m
s Pt sl Lot praton |
/M Y ' M issociafes | L
but... HSO4™ is a weat acid ; however i1 camne?l aet as

IX) Determining Whether Reactants or Produtts are Favoured in an
Acid/Base Reaction

Note: All Bronsted-Lowry reactions involve the transfer of 1 proton unless

one or both species are _ ST &R orl & 5 nless of I T
weak weale et (Mcw
HCOs + HF & H:2COs + F
B A A 8

There is a ‘competition” between the two acids HF and H2COs to donate a
proton. The stronger acid ‘wins out” and will give a proton to a greater
extent. Since HFE is the stronger acid in this equilibrium, the
FokwhaRD reaction is favoured (in terms of possessing a
lower Ea ) and therefore FRoDVCT S are favoured (ie. at

equilibrium, [P] 2> _[R]).

11



RULE: The side of the reaction with the _ WEA K ER. acid is
always favoured.

REASON: The stronger acid donates a proton more readily, causing the
other side (weaker side) to be greater in concentration.

So...if products are favoured: Keq>1; if reactants favoured: Keq <1.

Assignment 6: Label conjugate acid-base pairs and state whether reactants
or products are favoured.

i 1
1. NHs¢ + H2O < NHs + H;0* Reactomnts since HO' st

A & 2 A > 4

T —

2. H:S + NH: & HS + NHa4* Pf‘odMUtS Since H S 5%0\0&4 Haon-

A =4 b = NHy "
3. H:POs + HS < HPO# + HS Reoctords since HS stmmser han

& ? ® —J J H, PO,

4, HzOz + S0 & HOz + HSOs Reactamts since WSO, stromer Han b 0,

_I

4. CHBCOOH + PO# & CHSCOO + HPO#? Produrcts since CH,CO0H
2 A Stroncew Haman H’PO 2-
6. H’szxr + CzO-_v.z' = I-'IPO-;Z' + HC%O{ Reactomits Since HC, Oy s%omby
— “Haam. H Po\f
7. H:S80s + 5647 & HSOs + HSOr Products Since |
] B B i Hroun HoQ,™

“‘-»SOB 5“"'9-»8/

Assignment 7: Review Questions
1. Will the Keq be greater or less than 1 for the following equilibrium?

Why? HSO4 + NH3 < SO42 + NHet
B A
HSOy is a s-fvo;?(,x aciol Fhael /\//-Af ) “Hr s PradLuo‘t"s

ane fowoured => 7 > 2] = Koy > ||
2. Which acid has the higher [HsO'] when reacting with water, HCN or
CH3COOH? Why?

dHGOOH becamse it is Yhe S"TCVW?M CI)LM'-Q(
* of cowrse i1 s assumed Hut Fheir o icinald conceetvat®s

are -the Sowne wandese ofherwise -Sﬁ;. d( 12



3. Will a reaction occur between NHz and C204? Explain why or why
not.

No) becaunse peithesr sﬁécfie_s has Hoe
a/b«'/f‘Lv) Fo act as an  aedl

4. Write an equation to show the reaction between NHz and water to form
a basic solution (containing OH-), and explain why products are

favoured. —

r_/—’—'_' o _——— o~ \ _
NI H;O I > /\/14—,4\3 + OH
B 2- A ONE N4~7) & B

A Sraece N#y' R
is o« STRoaIG bate Comno €

— o o e Ot as

\[?] > [=] = PropucTs Favovrep)m #eid.

Assignment 8: Hebden p. 125-126 #21-27, p. 133 #38-46
~fJuiz T -

X) Ionization of Water

Water is __ Qmp ki ps o+ ¢, meaning it can act as an ACID>  in
certain situations, and a BASE in others. Water reacts with itself
to a very small extent, with one water molecule being the acid and
donating a proton and the other a base and accepting a proton.
2H20q) + 59k] < H3O'aq + OH(ag) _ does net affe cet SIGFIGS

-

Kw = E“ao*j[o"'ﬂ = ,'0‘;: 1o~"* at 25°C

Kw= equilibrium constant for water

Pure water is neutral (in pH) and since [H3O*] [OH-] = 1.0 x 104, then
[O]= [.0x )0 "M and[OH]=_/.0x /07" M

[H30*] = [OH], therefore they “cancel each other out.’

13



ol

A}“/}'] One in every 10 million water molecules dissociates at 25° C, ;jg in every
20 million water molecules react with each other which is what really
happens! ¥ 4 Hakes “wo o Tavso
Shorthand water dissociation reaction équation:
-~ ‘_...' If PR, | [ =
H,0re) +/[€E) = HiL+ OHL,
Longhand (actual) version: _ .
Z!“ O(( {6 :‘__-: H}Of(._i) + OH(%)
[HsO*] = [OH] because every reaction between two water molecules
produces one hydronium ion and one hydroxide ion. In any solution

where [H3O*] = [OH], the solution is considered to be _‘NE vTRAL in pH.

Water reacting with an acid will produce more __ H3 0" ions, thereby
creatingan __ A¢ IDIC __ solution. Water reacting with a base will
produce more OH” ions, thereby creatinga __ BAS /<
solution.

Regardless of the chemicals, if water is the ‘arena’(ie. reaction takes place in
aqueous solution), then the Kw remains constant at 1.0 x 104 (since

a “kﬁ’l()dfﬂ“‘llwﬁ chanseis the only stress that can alter a Keq value).

Therefore if one of the hydronium ion or hydroxide ion increases, the
other must decrease in concentration (by the same proportion) in order to
satisfy the Kw equation.

Water dissociation equation: 2H20q + 59k] < H3O%aq + OHag)
Scenarios:
ADD ACID (incr. [H:O*]):  shift (U

[hod: Ty=1 Lowd: ==

Inacid: [H:O]_> 1.0x10"Mand [OH]_<_ 1.0x10"M
* Still OH- present, since Kw equilibrium still exists even though it shifted.

(**there will NEVER be 0 M hydronium or hydroxide in an aqueous sol'n).
ADD BASE (incr. [OH]): shift (L)

[40): =44 Cowl: T4-1

Inbase: [H:O]_< 1.0x10°Mand [OH]_ > 1.0x10"M
* Still HsO* present, since Kw equilibrium still exists even though it shifted.

14



Assignment 9: Kw Exercises
1. Calculate the [OH-] in a solution in which [H30*] is 1.0 x 102M. Is the
solution neutral, acidic, or basic?

| » \0™" | 2
E’H E;;:] F T oxi0"M =U.Oxl9’Mi ]BAsm.]

2. Calculate the [H3O+] in a solution in which [OH"] is 1.0 x 10 M.
| x (0" — -
E ] [ou o xiofm CLLoxto M] LAC D \C }

3. Calculate the [OH] for solutions with the given [HsO"]. Is each solution
acidic, basic, or neutral?
a. [HsO]=1.0x10*M [oH’j: loxlo"" M Acidic
b. [H3O*] =2.6 x 101°M (on=]: 3.8*10%Mm BASIC
c. [HsO*]1=8.7x10"M Tov ] = Lixio®m Acioic

4. Calculate the [H3O*] for solutions with the given [OH-]. Is each solution
acidic, basic, or neutral?

a. [OH]=1.0x102M ((M,0*] = 1.0 x 167"* M  Bas|c

b. [OH]=34x10M (h,0"] = 2.4 v 1079 W\ BASIC

c. [OH]=9.2x10°M [HaO"]‘ .1 x 107 ™M AC1Dic

5. What is the [H30*] and [OH-] in 0.0010M HCI?

I—‘C—i + HLO - H o+t + (.ﬂ.- | - | _ -1
0.0010M U030 0.0010M &[OH]' l.0=10 M}

Rt S

6. What is the [H3O*] and [OH] in 0.00345M NaOH?
Rl 70%5‘3\:SM "lEHaO*j *2.90« ’O'Z_M}
7. Calculate the [H3O*] an in '

a. 25x10*MHNOs  (h,0* ]+ 2.8x107%m 3 (GorJ = Yor 10 m

b. 5.0MHCI  [w,0*]: s.om 5 (oH]: 2.0 07" M

c. 6.00x10°M Ca(OH):  {(n,0*] = F.33« 107w ; [or]- 1204 107 m

15



Effect of Temperature on Kw
2H20q) + 59k] < Hs3O'aq + OHrag)

This reactionis __ ENDOTHERM I C in the forward direction and
ExXoTHERMIC in the reverse direction. Increasing the
temperature will shift the equilibrium tothe _ KIGHT . This
causesan __incvrease in [HiO]and [OH], and an
InCrease in the value of Kw. Similarly, decreasing the
temperature causes a shifttothe  ( EF T , thereby
diCreasina the [HsO*] and [OH], and causing Kw to
dborca,s\cj

Even though [H3O*] and [OH-] change due to a temperature change, they
are still equal to one another, so water at any temperature is still
newtval an pk

Assignment 10: Hebden: Read pp. 126-127; Do Qs 28-29.
XI) pH (Potential Hydrogen Ion)
pH is a measure of the [H*] or [H3O"] in a solution using logarithms (log).

The pH scale is 0-14 at 25°C, however pH values below 0 and above 14 are
possible.

[HsO*] | >100 | 10° | 10 | 102 | 103 | 10+ | 105 | 106 | 107 | 108 | 10® | 100 | 101 | 102 | 10- | 10¢ | <1014
(M) 13
pH <0 0 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 >14

Sigtigs??? See p.16 (booklet) or Hebden p.139 for explanation...
Essentially, only digits AFTER the decimal are significant in pH values.

Each unit change in pH represents a 10x change in [H3O*] and [OH].

16




Remember that [HsO*] and [OH] are inversely related (as one goes up, the
other goes down), in order to maintain Kw. Thus, a high [HsO*]ina
solution corresponds to a low [OH], since their product must always equal
1.0 x 104 at 25°C.

** When doing pH problems, assume 25° C unless otherwise stated.

When [H3O*] = 1.0 x 10"M, what is the pH and what is [OH"]?

e 7o ) 5 (] B, (110

e ——

Conclusion:

3 H OV [ = OH' H { :] s Cemsidered '
S C ? j C Sl AL NEUTRAL .
If [H3O*]>1.0x107M, such as 1.0 x 10 ‘M, what is the pH’? What is [OH] ? -

FH ¢.00( +ebte) ; (on7] - IO»:\o‘*M = U 0 » IO"OM\

Conclusion: A low pH (less than 7) corresponds to an Acipic

solution. C‘*a o +j > EO W -'_]

If [H3O] < 1.0 x 10”M, such alexlO”M what is the pH and the and the [OH]’?
pH - 11.oo(4eble) [onu] = {Oxo”M [t.ox 10" M]

Conclusion: A high pH (greater than 7) corresponds to a __ AS [
solution. [H L0 < EO.A —]

What if the concentration values are ‘in between’ those that are given in the
table above (ie. coefficients other than 1, 1.0, 1.00, etc...)?

pH can be calculated from [H3O*] by the following;:
pH = -log [H3O"]

[H30"] can be calculated from pH by the following:
[HsO*] = inv log (-pH) = 10¢PH

17



Fill in the blanks in the following table (use proper sigfigs!):

[HaOT (M) |2.1x102| 23410 9x10° | {« 107" 5.09x 108 |¢f § viof
pH |.6% | 4562 | 2.0 132 [1(2.293 | 732
pOH
pOH is a measure of hydroxide ion concentration using logarithms.
pOH = - log [OH] [OH] =inv log (-pOH)
If pOH < 7; solution is basic If pOH > 7; solution is acidic.

Assignment 11: pH/pOH Exercises

1. Find the pH of
a) 1.0x 10°M H:O+. phH = 5.00
b) 26 x 10"MH:O*. pH= £.59
c) 6.7x102M HsO*. ph = 1.1+

2. Find the [H30*] for each
a) pH=2.35 [(Hao*] = 4.5 x1073m
b) pH = 6.456 (Hio*] = 3.50 = I M
c) pH=10.76 CHio*] = 13« 10" ™

3. Find the pOH of each in #1. Hint: use Kw = [H3O'] [OH]

ug q.00 b) .4 &) 2.%3
4. Find the pOH of each in #2.
a) .65 b) 7.544 ¢) 3y

5. Find the [OH] for each
a) pOH =2.34 (oH~]= % 6xl073m
b) pOH = 12.59 Con-TJ:= 2.6 x107"3m
c) pPOH=7.10 [or-T: 7.9« 1p77TM

6. Add the pH and pOH for each of a, b, and ¢ in #1 and 3. What do

you notice?

FH 4 ?OH = ‘\+\

18



UPP(/ /mu{ D\(' PH scale
M 2§ C» l.-"llfOW@V /mmf

pKw (Helps to derive the upper limit of pH scale) | 2/way< O ) o

pKo =- log K at 25°C == og (1xi0™) = |4

Since Kw =[HsO*] [OH]=1.0x 104,
Then pKw=pH + pOH and

14= pH + pOH (at 25°C) ¥ Impevtant so ‘that
we know NEVTRA(
Conversion “Road-Map”: ( haif way po: nt )
SO+
NN
W [ 4}’]]

fi log(<pir)
P

14 = Ol

14 = i

Assignment 12: More pH/pOH Exercises:

1. Calculate pH and pOH of (with proper sigfigs)
a) 12x10°MH:O*  pH= (.92 pOH: 12.0%
b) 354x 10°MOH"  »H : .54 pOH: 145
c) 8.77 x 101°M HsOr 7 H=-905% POH = $.943

d) 65x10'MOH"  pH= [3.9] POH" 0.19

19



2. Calculate [H3O*] and [OH] for (with proper sigfigs)
a)pH=345  [,0* 1= 3.5x10Mm [py-T. 28x 107 m

b)pH=1254 [j0v = 2% 16"M | on-]= 3.5 «jo?m
QpOH=2385 [ ;0= 21bx 10" LonT- db2xi0m

d) pOH = 13.22 [Hgo’j'- Fvi0'm [on]- 6o x 107 M

Outside the pH scale
At 25° C, very concentrated acidic solutions may have pH values less than 0
and very concentrated basic solutions may have pH values greater than 14.
Examples: Find the pH of
a) 2.0M HBr
Hér + Y0 — H30+ + BT 'PH = "O\j(lO):l'OJD!
2.0M 2.0M

b) 10.0M KOH
KoH — K%Y+ 0oH~ pOH-= - log (1p.0) = —).000
10.0 M Io.om Pt - [15-000

¢) 1.5M Sr(OH)2
Se (o), —> Se*ts 2007 pOH= -l (30) = ~O43
l.5M 3.0M pH= (14 4¥

d) 1.5 moles Mg(OH): placed into 1L of water *teehee...
Mj(OH); — M37+ + JOH" Ksy‘ S.6x 107

e fo ( !
) : > pOH = - log (2-23%¢ « (o7}
KsP ’.12‘./1'; 3 (_: f - 3‘2503
5-6 x 10 _2 > 2 N | -—--——H-—:——-——I——O‘——B—é
z = EMj(OH),j = [LI1EF xjo¥Mm U_? S _'J

[on-] - 22374 x107¥M 7
Assignment 13: Hebden p. 139 #49, 50, 53 & p. 141 #55, 57
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MORE EXAMPLES:

Eg1: Find the pH of a 0.0020M solution of HNOs.
HNO, 4 H,0 ~—> HiO* + WO,”
D.co20Wm . 0.0020m

pH=—log-(v.0020m):\ 2,730

Eg 2: Calculate the pH of a 0.010M NaOH solutlon

NaOH —> Nat + OH~
0010 M 0.010 M.

pOH = - log (o-otem)= 2.00 | pH=12.00]
Eg 3: If the pH is decreased from 5.0 to 2.0, what happens to the [H:O*] and
[OHT? los'o "2’0 = (09 - _LQOD X eve acidic ((t&‘s

&Eﬁi 0]t tocox 5 fon ] _teco x] =

Eg 4 ¥ pH is increased from 7:2516 8'93; What happens to the [Hs0*]?
|[p%A3-328 = | p'e® . 43.96 = 4B X meve basic Clﬂﬂ

Eg 5: Calculatethe pH of the final solution if 100.0mL of a strong acid at _

pH = 4.500 is diluted by adding 50.0mL of water.
[hods = inviog (- 4.500) = 3.1¢23.% 10°° M

[H:;O+]-P 5 M-‘V‘ (3 \e2-3 x (O° ‘5M)(O (OOOL;) 2_.128% % \D-—SM
Ve (b.1s00 L)

pH= —log (20824 10 GM) ILHM,} L

Eg 6: By how many pH units does the pH change if 80.0mL. of 0.0200M
HCl is diluted to a final volume of 160.0mL?
Enso? = O 0100M PH -\03 (0 OZOOM) ‘.éq?Zﬂ?'

EH30+]4 z M (o‘og_ooM>(a.oﬁpoLg_=

Ve °© 0 \boo L

D.OLOOM

ph= ~~\o5 (O‘O\OOM\': 2,000

Ckrw) in PH 2.000 - I.L%‘I?‘ = 0‘59_\;03

et 21

\J lwerease of O.301




Assignment 14: More pH Exercises
0. Hebden p.141 #56.

Seo Arewwrs 1w bacl of dext .

1. Calculate the pH, pOH and [OH] of a 0.00100M solution of HNOs.

HNOy + W, 0 — Hao'+ NOsg

0.00100 M 0.08100 M =
H?O-()]o 0.001c0M) = [3.000] pOH =il 000] [0+ = inulon(-11.000) ={ L x10™"m

2. Calculatje the pOH, pH and [H30"] of a 2.34 x 10*M solution of

Ca(OH)Z Assume 2.34 x 104 M is low enough to allow Ca(OI 1)2 to fully dissociate
CaloH), — Ca®*+ Z20H7 pOH = - log (469 107 "‘M)'E:HEH"%”O_
z v G- Y
2.3¢ x 107w 687107 M DBD - v Log (=0, c?oﬁ"){z I “””“ﬂ

3. If the pH is increased from 1to 6, what appens the [H30'] an A
-Kd,wvtm.. o St 35 —-—-ﬁ; S0y we ll sa:j SJJ

[OH]_?J_(ZG_I - “:)? = lOO 000 » \mwe b:a(-,w._

\[oH-] 1 \ooooox j (M0 TV 100000% |
4. If the pH decreases from 9.3 to 6.5, what happens to the [H:O']?
10%376% = 1027 . 631 x : fooX feve aciclic

[Hbo A T Loo x\
5. What is the pH of the final solution if 35.00mL of a strong acid at pH

3.56 is diluted by adding 100.0mL of water? ¢
v - uj (’LMOS‘UO” M)

H,0" | = invloq (-3.56)= 2.7suz % [07M .-
R RO R o

(1,07, = Wks, Gasax ot i(p.03m00) . g 1jog 4107
6. You have 50 00mL of a 0.00345M solution of HCIOs. How does the pH

change if you dilute the solution to a final volume of 175.0mL?

HCXO\’ + H'LO —_— \‘\30* + C./QO\*_
0.003%S M D 0034 M

pHi= —log (000345 m)= 2.4b213
e Dol - v (gooms ) (0omeon) | g g0 oy

V£ 0. 13S0 L

(7H€= - log (2357 L 107t m) = 3.0062S

ApH= 200625 = 246213 = {0,594 ucaence] =



Temperature and pH
At 25°C: 2H20@ + 59k] < H3O'aq + OHr(ag)

Kw = [Hs0*] [OH] =1.0 x 104, so pKw =14
remember: (pKw = upper limit of pH scale)
Therefore, the pH scale (at 25° C) is 0-14

If the temperature is increased, what happens to the above equilibrium and
the resulting Kw? What will happen to the pH scale? Will the pH be acidic,
basic, or neutral? i 'k"”‘? — 1 bothn rores —3 T endo- wmeve —

shitt R — 1T [#s0 ]COH] = T W } — | pkw —

TPH scale vwrrowf»{ ) Mamzprﬂ
Answer the same questions for when th temperature is decreased

\l’f&?m—._ﬁ‘s‘l’ bl rodes = endg Y Move ‘—3,5‘«««,_\ O - JJEH#’]E’“}"

K — ok scale woadans [ 1 (NEUTRAC
An increase in temperature to 50°C results in a Kw of 5.48 x 1014, Calculate

the pH, pOH, [H30"}, and [OH] in water.
PK“‘ : "Oj (s,u(g,(\o-'*) 326122 (uPPea LIMIT of pH ScALE)

So... since water is nawball, pHuwe - Br ket ”‘” ., ‘BJ
gl—#;u]: gp,]- M\IIOJ( G%Bg&\) 25"\'&\ 'qM
sample ot distilled, pure water has a pH of750 Is the temperature

greater than or less than 25°C? Explain.
1.5¢0 >:7- S0 P\-\ww > — PH‘Sca.le wlw""?zw’l\——,

Kw i — l:\-\-&O*]EO\-\] y — sWidd Q 5 rev. {uste, —»

ndo- slower  —» LJ‘L"M? \/J%"’Twe <_ Z‘;a J
Assignment 15: Hebden p. 139 #51, 52, + questlon 1 below
1. Water at a certain temperature has a Kw of 4.4 x 10,
a) Is the water at a temperature above or below 25°C? Be&Low
b) What is the pKw ? |4, 3¢
c¢) What would the pH scale be at this temperature? O -14.32¢
d) Find the [H:O*] and [OH]. Thyo*] ={om- = 6.6 % lo7Fm
e) Find the pH and pOH. pH = pOH= 7.8
f) Is water at this temperature acidic, basic, or neutral? NeuTRA |

Quiz -



XII) Mixtures of Strong Acids and Bases —a Quantitative Approach

Mixing an acid with a base produces a solution that can be

AC 1Dt ., BASIC ,or . NEUTRAL
depending on the moles of H3O* compared to the moles of OH- mixed.
Hebden uses a molarity method; I teach a moles method. Either may be
used, but sigfigs could differ. The moles method allows one to better
understand the ‘true’ chemistry at work.

1. Calculate the pH of a solution obtained by adding 50.0mL of 0.10M HCl
to 80.0mL of 0.15M NaOH. HCL 4+ H,0 = #0700

Hce + NaOH — H,o 4 Na L N&Oﬂ“"m++0\'l:

ol H.0* addid = MV = (0.10M) (0ospoL’) = D.0oso wof Hy?
(—MO\ HE,Q W(‘-d) oW~
wmol - QM- added. = MV = (0.5 am) (0-08000L) =+ 0.0120 wmol OH

(zm(moqu)
Mol  excess oW~ = 0.0120 mol OW™ = 0:00S0D mll-tao+

= 0-001 wol OW~™ Fema i g

- el 0.003 wol | ~
EO"" 34 S N - eA . 0.053%%6 M OH
; £ 0. i13oo L

pOH =~ log (0-0sasven) = L2679  oH = 1d-1269 ;laz,}‘:‘

Some important information:
- monoprotic acids dissociate into hydronium at a one-to-one ratio;

- diprotic acids dissociate into hydronium at a one-to-two ratio; When in the
- triprotic acids dissociate into hydronium at a one-to-three ratio; presence of an
‘ in-excess,
- etc... strong
counterpart.

- ‘Diprotic’ (or ‘polyprotic’) Arrhenius bases that are low soluble will
dissociate to their fullest extent when in the presence of an in-excess strong
acid.
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2. Calculate the pH of a solution obtained by adding 30.00g of LiOH to

650.0mL of 0.400M H250x.
HLSDq * ZL\OH e L 3 SO‘,‘, = Z.H‘; 0
H,S0y + HyD = 2H,0% 4 So** LioW 3 Lt 4+ OH®

* in P«‘&Wl. o
!ﬂ‘ro'-:b base

L;OH added = wol OH™ adoled = 30904 | [ mol LioA s

1123.‘:}? LiOH - oM~

wmo |

mol HyS0, added = MV = (0400m)(0:6500L) = 0260 mel HyS0y

0.2¢0 mol HS0y | 2 wol Bs0t () gy L | Hy0* colded
!. wao | ﬂ-}gw
mol excess OR™ = 1,252 wol OH™ = 0.52Q wol 0" = 0,33523 wol OH™
_ pOH = oy (11302 &)
[OH .5 mo | =a?352-%w\ - . IBHZMDH F ) —og_gg"
0.cs00L 5

3. What mass of NaOH would have to be added t6 500.0mT
HCIOx4 in order to produce a solution with a pH of 3.200.

HCROy + NaOH — Na R0y + H.0
*
wol HCLOy. = mol H,0% = MV = (o.\oom‘)(o\svooL.\) = 0.0500 wol H0}
] \ -
HLLOy +H,0 = 0%« LU0y

mol Hy0L : (Hg0*], = mulog (-3300) = 620453 %107

mol Ha0t, = MV = [£.3095% xto~¥Mm 0.-Svool
3% ¢ 7 =
= 2.54% x107Y wol W0,

l\!a,Dl—l —> Na* + OH"

wol NeOH odded = mol OHTadoled = wol H0 comsumed = tol Hy0% — mal H0*,

O,D\-}qégs wo | Na OH added

=

0 psoo wmel — 0.0003 IS¥% mol =

0. OMJC mo| NaOH | 40 .04 NaOH




4. How many moles of HCI must be added to 40.0 mL of 0.180 M Ca(OH):
to produce a solution having a pH of 7.00? (Assume that there is NO
change in volume when the HCl is added).

*some trivial, but useful, information: most pure acids are gases (HCl
included); pure sulfuric acid is a liquid. Acids become aqueous when
they are mixed into water. Thus, there is no change in volume in #4
because the HCl must have been added in gaseous form.

2HCL + CaloH), ——> CaCl, +2H,0

ColoH), —> Ga*" + 20H HCE + H,o —> Hyot v LT
»* Solubilf‘*‘? T+ i ,;vresem.a
of stroms acid

meo Ca(OH\)L‘; = MV = {o.t‘a“omﬁ(o‘owoop\) = 0.00720 wol

o™ OW” ~
o.oomf M°‘C“( i _3.‘ e wel® : 0.0(4Y wol OH;

e,

H 7.00 wmeans “Hheose Qristing 0.0 Y wel OW™ ?Y*
Whabﬁu)«,

So' Ww‘ H?,ot added. = O.014Y Mo |

o | H? odded = \0.0l_‘_% Moj
! S&O’PH W/ 4—] '.f:--;‘.*f‘l'\:'?:

) )
_(

o

Assignment 16: Hebden p. 143 # 58-68 (Change question 60 to 400.0 mL of
HClI - new answer: pH of 2.197)

Quiz - @



XIII) Titrations

Scenario: You are a public school teacher and you enter the chemical room
looking for some HCl of a particular molarity. You see a container marked
HCl but the concentration has been rubbed off the bottle. Since money is
tight, you want to avoid dumping the solution, but in order to use the acid
productively, you'll need to know the concentration. A_TITRAT 0N
can be performed in order to determine the unknown concentration.

What is required? _

- Ameasured volume ofa __ Standoav dized solutNen (a
reactant of known molarity).

- A small, but known volume of the unknown molarity chemical (in our
case for this scenario, HCI).

- An acid/base indicator.

*if the unknown molarity solution is an acid (like our scenario), then the
standardized solution will be a base; if the unknown molarity solution is a
base, then the standardized solution will be an acid.

The SET-UP:

Puretic - B U _a_'j—""i




Suppose the flask contains the HCI of unknown concentration and the
burette contains a standardized base. At some point during the titration,
the moles of OH- added from the burette will equal the moles of H3O* in
the flask. This is called the ECPU IWVALENCE

Poin T (aka the _= TocH IDMETRIC Po/NT ).

Equivalence Point: mol HsO* = mol OH-
Strong Acid vs. Strong Base Titration = pH at equiv. pt. is 7.

An__ INDtcATDR.  isused to help visually determine when the
equivalence point has been reached (due to a colour change). The volume
of standardized base is determined using the gradations on the burette,
and is used to calculate the concentration of the acid.

A 10.00mL sample of HCI of unknown concentration is titrated using
23.62mL of 0.100M NaOH (the standardized solution). Determine [HCl].

Het + Na0H = Nall + H, 0
Hl + H,o — H,0++ 0~
/\/AOF/ == =9 /\/a++ OH ~

\t

MV = /p.mam)/aozseu)

= D.002362 mol OH™

mol NaOH added = mol OH ™ adoded

_ 0.002362 wol N 0% wn flask = 0002362 wel H L
(L,v n of c,gfvu/ PT. )

J 362 mol - '
e - Sl N AL 1 2 ;W;Mj
7 N -

__uv- t 28



Primary Standards (pp. 164-165)

Pure and dry acids or bases are very uncommon as the majority of acids
and bases (such as NaOH) absorb water vapour very easily; they are
hygroscopic (ie. they become hydrates). In order to prepare a standardized
solution of, say, NaOH, NaOH would have to be weighed on a scale.
However, an unknown percentage of the mass would be due to the
absorption of water, and therefore calculating an accurate molarity of the
resulting solution would not be possible by simple quantitative methods.
A primary standard acid would be required to standardize the
standardized solution (ie. ‘standardize the standard’).
Acids and bases that are non-hygroscopic are known as

PRI MARY STONDARDS . An accurate molarity
(concentration)/ of primary standard solutions can be found by direct
calculation, since none of their mass can be attributed in any way to water
vapour acquisition.

Example of a Primary Standard Base: sodium carbonate (Na2COs) — solid.

Examples of Primary Standard Acids: potassium hydrogen phthalate
(CsHsKOx) - solid, and oxalic acid (H2C20s4) — solid.

Once a primary standard of known concentration is prepared, it can be
used to standardize any other acid or base solution. For example, oxalic
acid is used to standardize NaOH through titration. Then, that same
NaOH, whose concentration is now accurately known, can be used to
titrate our unknown concentration of HCl. Likewise, if we have an
unknown concentration of base in our lab, we can use sodium carbonate as
a primary standard to standardize a hygroscopic acid like HBr, so that we
may use the HBr as a standardized solution to titrate our unknown base.

Why wouldn’t a chemist simply use primary standards as standardized
solutions and, in the process, save time and energy?

?/.M,,7 Stamdords are much mere

. F(/wgi ve 29



Titration Calculations
Remember: A STRONG base will fully neutralize (dissociate) a weak and/or polyprotic
acid and vice versa.

37.86mL of 0.250M NaOH was required to neutralize a 20.0mL sample of
HF. Calculate the [HF]. HE + NaOH —— Na F+ H, o

H’F#HO"‘“‘"’HO**F~ Na OH —— Ma* 4+ OH~
Ll dissec, w/ s ba.se’,

Mol NaOH added = wol OH oaddoled = MV = (0 ZVOM)(o 03796 b) 0002;/%5—:
_ 0 0094LS mal HeO' in flack = 0.009%6S no/ HF

[he] > Ll . ooothis =l oo |

0.0200 & o
A 15.0mL sample of unknown [KOH] was titrated using 18.56mL. of 0.350M
HNO:. Find [KOH]. Hwo, + KoH — KnO, + H. 0

W03 + #VO =—=% H;O" + '\/03‘ KOH___._—) K++ OH—
Mol HNO; added = mof H;07 addeol = mol OHT n Flash
= mof KoH = MV = /0‘3¢0M)(0‘0)5§6 L) - 0.006496 wo/

W 0-006?"76 mo |
OH =] 0.3 m
D(\ j - p.0150 L ,)f._“‘fi J

50.0mL of 0.100M Sr(OH): was required to neutralize a 30.0mL sample of
HBr. Determine the [HBr].
7 HBr + SefoH), —> SrB,, +2H,0

%‘ + ”,’O —_ #30+ + By— 5"(0/‘/))" —_— S'rz+ ZDHD
o | Sv(Oh’) adloled - Ml/:(ﬂ‘/oom)(o\ogaau) = 0. 00500 ma! Sr(t?l-/)y

0.00500 wel S’r(o"'l’ / [ OH™ ) 0. 0/00 wo | oH “adoed = 0.0100 wo! |

-—
-

\ nw SV(DH) HO m

‘ - 0100 wel
-ooee e [y |- 3t G52 0533

* falle about * 103 p.IST (Helolen)




Assignment 17: Titration Exercises

1. Find the concentration of an HCl solution if 25.00mL is titrated with

28.46mL of a 0.105M standardized solution of NaOH.
HCR + H,0 —2 H0o% + (L7 NaOH —> Nat + OH”

Mol NaOH addad = wo\ OH™ added = ol Hyot ww flesle = wol "L
= Mv=(p |osm)(o ozweu) » §.0029333 wo! H

DC’Q] _ 0.0029883 wel 1 0“ /20M

0 orYo0 L-
2. You titrated a 30 OmL solution of HNOs3 with 23. 75mL of a 0. 25M
standardized solution of KOH. What is the [HNOs]?
Hnoy + Ho —> Hyot+ NO™ KoH —s K* + OH™
mo| KOH Ma(,w( mol OH™ asded = wul Hy0t o flasle = wo/ O o,

= MV. (0‘7/7114)/0.023?5 L) = 0.005937%S mo | WO

———

Dh\}f?gj: Jol  0.0053375 vl = (0.20m (
Vi 0.0300 L - =

3. A 35.00mL unknown solution of LiOH is titrated with 17.67mL of
0.200M HI. What is the [LiOH]?
Hl + o — Ho0*t+ |~ LioH ——> (Lit+ Ok~

ol Hladded = mo) H307 odded = o) OH™ i Flasle = wa| LiOH
= MV - /O.aownﬁ)(o‘o/?{,:;[() - 0.003§_3;_‘f weo | (,EOPI

Low]- _.u_.;_;' 0003539~ [ o) M|

p.035c0 L
4. A24.00mL sample of H2SOxs is titrated with 32.43mL of 0.150M NaOH
solution. Find [H2S04].

HyS0¢ + Hy0 —> 2 H,0* 4 SOy~ N OH ——> /\/a’~r0H'

* presemes of st base

o) NaOH added = wol OH adoed = mo) #0? an fiosle = MV
-— 4 - ,'__ + r s 0
(01cei(o-05243) = 0.00456YE mel F507, [ nel .50 = 00025‘322:
"IZ m/#}of wal 4 }, SDy

],_I , ._7 -_v:f,_i, 00024322 C wol D ) 31
S0 | Ty pozdoo L L Ak M;""




5. A 40.00mL sample of Ca(OH):is titrated with 16.55mL of 0.100M HCI.
Find [Ca(OH)].
Hce » H,o — Ho* + (27 CA/OI—/) —s (a? 4 ZOH'

o FféSMC— of s+ 494"‘

me | H(,C added = mo | HBO# adoleod = mol O™ in 75245'4/’ M\/

- (0_/004\4)(0.0!655’1,): 0001655 mol OH™ [ | mol C‘/of)”so,oooszzs' .
| 2 mo) OH ol Calo¥)

b

wo | 0.000827€ wsl

6. A 20.00mL sample of HsPOx is titrated with 25.76 mL of a 0.100M
Sr(OH): solution. Find [HsPOs].

H,Poy « Ho — 2 H, 0**}70 S(oH), — S*re 2007

X o~ presence ot sh 5454

mo | Sf(""/> added = MV = (0-/00”0)(/?9.02(?64&)-: 0.002526 we!

0002576 mo Sf(w'), Z wol OH™
{/ Mo/ S/(o"Oz«

= 000§'§2 M'HD f‘MlHPo‘f
0 3

_ N 'P[)..S‘L . ~ et
3 wo) HaD*

| 0.0017473 we! e
W, 0oy [= — FERNEAGRS.. - ) /_J
[ 7 j Vi © p.0zooo L / 0‘__0_3_?_% i

32

= 0.0051S2 mof OH ™ addad

= 0.001717 3wl HP0y




Calculating Volumes
What volume of 0.0350M Ba(OH)2 will be required to neutralize 50.0mL of

0.0275M HC(CI?
HCQ + N‘;,O —_— H30f'f(/e— 5“{0"” — & Yy SOH™

W ra presemce ot sSh. a¢¢d
mol HCl in flash = wo] Hya0? wn Fosl = wo| OH ™ astcleed

0.001 576 mol 04~ | { mel Ba(oH),
2 wmel OH ™

= 0.00068+5 mol BafoH),

= MV:= /o.oz?gm)(a-asvol,>'

_,.m..-m b et

mo | 0.000L87S maf
; T e T e = 0 é é “LL
V; ] 0.0196 L [/"

Determining Percent Purity

A 0.74g sample of impure NaCHsCOO is diluted in a volume of 25.0mL.
The solution is titrated using 30.0mL of 0.100M HCl. Calculate the %
purity of the NaCH;COO. Nal Hy COO —> Na* 1+ CHyCO00™

ooy,
Ht + H,0 —> Hots CLT wmbsc
CHycoo™ + Ho ——> OHT +C#000F/

* o ?réswu 97[ ST, awd

Mol HCR added = wel Hy0F added = Mol OH ww Fash = mol CHLOOT

.M'/' .A‘Su

= wio) NacH, 00 (pure) i Vlaske = MV = (0.100m) (0.0500L)
0.00300 wol pure /%C:%(’J)O

if

o) ¥2.0 NaCHy( 0O |
0).00%00 mol A/“CH3CD / ijm}j/\/ach‘too i OZ‘HDJ pure NaCH, Coo

W

57 Poery Juot west | Oes o5 339
vk - B 33 5 2% Lo
o |~L€w¢, WARSG N . { / /



Molar Mass Determination

A 0.49¢g sample of unknown monoprotic acid HA is diluted to 40.0mL. The
solution is titrated using 12.0mL of 0.100M NaOH. Calculate the molar
mass of the acid.

HA + Yo — Hy07 4 A7 NaOH —-> Na®+ OH"

X ‘prc/qahc.«( vf sSA, 19452./

Mo/ ,\/aOl—, a&(a(l.d = Wi @H’ aatd.ul = M/ Il‘/;(?’ M ';#:’4-5(; & Wp/ M

= MV: /0""0"""’){/0.&,/':,-..%,} = 000120 me/ HA

¢

= p.polzo el HA has a mass oY  JUT 4
_—
, mase 0.49,
/me mass < L m—— , = %05‘ 3J

By
e 1 ;/"4'""""‘?&3 i oy
-

j 4/0 Yo |

Chloride Ion (CI) Titrations — Sol'n Chem. -- Read pp. 99-100 as a class.
Main point — Equivalence point is reached when moles Ag* added = moles
Cl- in flask. Like acid/base titrations, this is a one-to-one ratio, making the
math easier than if the ratio was not one-to-one.

egl: In order to find the [Cl] in a sea water sample, a 25.0 mL sample was

titrated with a 0.500M AgNO:s solution, using sodium chromate as an
indicator. At the equivalence point, 26.8 mL of AgNOs solution had been
added. What was the [Cl] in the sea water?

Aj ,\/0? —> 641 I\/03‘ /?U/f/f_x ,?/ (7:/[% P‘f,
/ AJNOB added - mo | /\}jf added = mo | Cébm 7[[454

= MV> (o500 m) (00268 L) = 0.0134 wel L

[Cﬁ b /Vw/ . 00'33 wi | /O.ggé/\/\ﬁ‘?

V. - 00250 L

!
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eg2: What volume of 0.125M silver nitrate will be required to titrate 50.0
mL of 0.0550 M CI- solution, using a sodium chromate indicator?

ﬂ‘]f/‘\ma) R AJ++ No,”

DU o MO, added
MO/CQM#LasL=W//@’fW'W/é/

= MV= /00?50 M>/0.0900L) = 0.0027S wmol »\‘7/\/03

e —————

/ 0.0027S mol
\/‘ ol .__-mo—- - __u__'_ - W = . 22@ = 2, m
| M O.125 M g.0 LZ._Z _D . f

eg3. A 5.29g sample of impure NaCl was dissolved and diluted to a total
volume of 250.0 mL. If 25.0 mL of the NaCl solution required 28.5 mL of
0.300M silver nitrate solution to reach the equivalence point, using
chromate indicator, what was the percentage purity of the original sodium
chloride sample?
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Assignment 18: Hebden p. 158 #94-97, 102-103, 105, 106; p. 165 #121-122.
Also read pp. 99-101; do #70-72, 74-75 (CI- titrations)

) fi/):z’ A 35
[



36



