S Chem 210 Jasperse Ch. 16 Handouts 1
Ch. 16 Acids and Bases ' —
Amd/base character (pH) of a solut1on has enormous 1mpact
- lake biosystem (acid rain)
b farming/gardening (soﬂ pH, alkalinity, etc)
c. rusting/corrosion
~ d. biology

* cells, proteins, blood, enzymes, hormones need very t1ght pH control
* Most bio reaction mechanisms involve H' transfer = [H'] has huge impact on rates

16.1 Bronsted-Lowry Concept of Acids/Bases

[ewis Definition
Lone-pair acceptor

Bronsted-Lowry Definition
Acd | HD donor |

- Base |g® acceptor ]Lo'ne-pair donor e )Q .

Acid and water:

e

Base and water:

Notes:

1. An acid loses an H® and gets more ncgative . @‘W}de?l@ '
~* A neutral acid becomes an anion after loss of H® HCI-> C1©
* A cationic acid becomes neutral after loss of H® - H;0 ® > H,0
2. A base gains an H ® and gets more positive _ _
* A neutral base becomes a cation after gain of H D " H DiNH; > NHO
* An anionic base becomes neutral after gain of H® HO+ O OH - ~H20

The change in either charge or number of H’s can help 1dent1fy whether a chemical is
| functioning as an acid or a base.

3. . Every base needs a lone pair which gets used to bond to the new hydrogen
* The two electrons involved i in the new bond to hydrogen always come from an electron
pair on.t the base

| . | - ' | Water és Acid: Some Other Base Uses a L.one
Water as Base: Uses an Oxygen |L.one Pair | Pair to Steal An H from Water.
&, - L
O ' s . o . o . : _l : _l (_D
OTHTUNIOH T HOH L ot TN e et
H H - T H H

i - nlih Y ikl P

4. Water can function as e1ther a base (acceptmg an H® when an ac1d 1s placed in water) or as
an acid (donating an H @ when a base is placed in water)
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5. Inevery acid—base reaction, you must have both an acid (a chemical functiom'ng as the H_@ |

donor) and alSo a base (a lone-pair donating chemical functioning as the H D acceptor)
* Anacid can’t give unless there is some basic lone-pair to take... ..

i Terminology: HO® = “proton” -

- Conjugate Acid-Base Pairs | -
Structures that differ by one H and one charge unit are referred to as conjugate acid-base pairs

Conjugate Acid  Conjugate Base . Conjugate Acid - Conjugate Base
HCl - © - - H0 HO©
HoSO04 HSO4'@ - ' NH,® . - NH;
HSO4 © S04 ' '
| 1. Draw the conjugate bases ' 2. Draw the conjugate acids

o HON  Cen a sop H,CO? (net | .
b. HBr _ ﬂv’i/@ o b. NH; /(/#L{@ . H)ﬂq‘

c. C1© o RCI

Relative Stren ths o_f Acids and Bases

Add [ Bae |

| | Strong acids 100% -~ HCl 1 &5 Nonbases I
_ O VRS, | Cl _ O
g%VOW[; lonized in H,O | H,SO, HSO, O _ _ i /U _
/ H® (ag) = H;0" | Hz(i . '
' | HSO4- | SO4 ) | }
edl Boieicll 2N U I ety el
' H,COx HCO: - | . Dam 'ea
NH© ) N e Vg'f h
HCO;© | COs™ | _
R - | WO | op® '
Nonacids - COHO 0" Strong bases, 100% '
/U O\ | H | H o | Protonated in H,O | 9W0MQ

* Stronger acids have weaker conjugate bases and weaker acids have stronger conjugate
bases | - |

. Stronger bases have weaker conjugate acids and weaker bases have stronger conjugate
acids '
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Conjugate Pairs ; in Aeld Base Reactions and Ac1d-—Base Equilibria

1. Note: Some acid-base reactions go entirely to the product side, or stay entirely on left side

2. But many acid-base reactions involve equilibria, in which a proton 1s shuffling back and
| forth from side to side

‘3. Inthe example shown, a proton (H S2 ) ] jumps back and forth between F and O.
-a.  Going from left to right, F is the giver (HF = acid) and O the acceptor (H,0 = base)

b. Returmng from right back to left, O is the giver (H3O ® = ac1d) and F the acceptor

(F © = = base) -

‘Notes

1. Each side of every acid-base reaction has one thmg that functions as an acid and the other -
as a base. (This is true on the right side as well as on the left side).
2. Every acid-base reaction has 2 conjugate pairs
a. For the acid on the left, it’s conjugate base appea:rs on the right side
b. For the base on the left, it’s conjugate acid appears on the rlght side.

Problems: For each of the species in the following equilibria, mark Whether it functions as an
acid or a base?

* For each of the species in the followmg equ1l1br1um draw an arrow to 1t’s conjugate.

H,® + ClO © Notes/N otice:

- 1." Notice the change in H-count and
the change in charge for each of '
these

2. The acid on the left always loses a
hydrogen and becomes one step
unit more negative

3. The base on the left always gains a
hydrogen and becomes more

/><——\ | - positive
- | . ' 4. Cations usually function as acids

c. CH;NH, + CH;0H, @ == CH;NH; @ + CH;0H - - *» They are positive, and want to

@ QA _ - a b get rid of HD to alleviate
' - positive charge

_' ' - 5. An anion usually function as a
/7@'<\ N base |

d. Hb O + HSOq4 == ;09 + S04 * [tusually wants to get more
h QA | A 6 - positive, and the negative
. charge always means it has a
lone-~pair available _
* Some exceptions, such as
example “d”
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1. Strong acids are better H® donors than weaker acids
Strong bases are better H ® acceptors than weaker bases

2. Acid/base strength depends on love for H®
* Consider the conjugate pair of Z © and HZ

a. High H D1 ove: Suppose Z S really loves H @
1. ThenZ © isa strong base

* Itaggressively grabs H D from somebody else
2. Then HZ is a very weak acid or a total non-acid

¢ 7 tlghtly holds onto the H®

o Tt doesn’ t let anybody else steal H £ unless it’s a base who loves H D
even more

b. Low H® Love: Suppose 7© doesn t have much love for H @
1. ThenZ© is a weak base or a totally non-base

* It’s very weak about grabbing H D from somebody else
2. Then HZ 1s acidic

* Zisvery weak about holding onto the H ®
* Some base who loves H ® more can easﬂy steal the H @ away and

leaveZ@ behind @ J(l:’\eif U’\UU' [0\[6 JQW
3. Love for H® and the Competition between COmpeting Bases \'(‘?Cl’fﬁmf J /(M - b a5 €S
' ' - ' , dl‘/”‘e R
HX + 7© = xO HZ 8(66\(/0\/‘ 0 TR ﬁa@w’
acid base ~ base- acid A ¢ MON e &Q J]"1C": -

NOTICE: There is one hydrogen but two things (Z © and X @) competing for it.

a. Wh1chever base loves H® more will be the s tronger base, and the equ111br1um will
“drive to the opposite direction = to the conjugate acid of the strong base _

b. Whichever base loves H® less will lose the competition and remain in its basic form

1. Strong love for H @D — strong base

2. Equilibrium goes from strong base to weak base, favors the s1de where the Weaker base
lies. _

3. In the same way, the equilibrium always goes from the stronger acid to the weaker acid,

_ and always favors the side with the weaker acid _
4. The weaker acid and weaker base are always on the same side, and the stronger acid and

stronger base are always together on the other side
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4. Acid-Base Strength and the Direction of Acid-Base Equilibria

*Acid/base reactions always go from stronger amd/base to weaker ac1d + base

l K favors weaker \

HCI + NaOH > H0+Na®© K large (K >>1)
Stronger ~ stronger weaker weaker |

acid - base ' - acid base
HS + FO <« HF+ @s® K small (K <1)
weaker weaker stronger stronger
acid base acid base

a. Stronger acid + base always on same side _
b. If you know any of relative strengths, can predict sense, K
c. If given K info, can identify weaker/stronger -

Problems

1. HF is stronger than HNO,. Predict the “direction” of the reaction, and say whether K will be
greater or less than 1. (ID each as acid or base) |

' HF+Na@N02@ > Na®FO +mHNO, K > 1
§+1/c; yfl/ vW wﬁ‘fafcez/ w_ffm;/
2. Predict the “direction” of the reaction, and say whether K will be greater or less than 1.
HF + C1© & HC1+F@ ' K< 1
ealL bUf’aIéeV B ¢ weae -
acyl ' posty bt

(Md lmm atall J CI‘CW{ _ﬁmgyey qu- Cl&

3. Classity each as the weaker or stronger acid or base.

HA+BO M8 40 g K=10 fiord
S‘]VGVW-PV S'VCMPV & wéaley wenlay - T 24l
acid baS&  Dboge acil I ' /_"}}LWL
4. Classity each as the weaker or stronger acid or base. ' | ____:__;
9. 70'/0{‘” . - | —5.
HCN + SO4> éT HSO,© +CN K=10

weakey — wealer ¢ %vcyye;/ s{«oryezf |
Qe o hase baﬂ’.
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5. Dlrect Relatlonshlp betWeen Strengths of conjugate acid/base

- Acid Strength Strength of Conjugate Base |
Strong Nonbasic
Weak _ Weak
Nonacid Strong base

‘Note: there is a huge range of strengths within the “weak” category

Acid - Base |

Strong acids, 100% HCI | 1© | Nonbases |
Ionized in H,O . H,SO. " luso, o _ B R
A HO @ =H0" | BO '
| o | HSO4 S04 | | akfﬂ
goft | | w | e | weg!
NH, @ NHs /
- .
il | HCO© | €O Svay
o W O | og© | o |
‘Nonacids _ OH © 0* Strong bases, 100%,
[ T, - L6 -| Protonated in HO

The weaker the acid, the stronger it’s conjugate base
The stronger the acid, the weaker it’s conjugate base

6. Strong Acids versus Weak Acids versus Nonacids. How do they Differ in Water?
a. Strong acids ionize completely in water ' -

"HCI+H,0 > H;0® +¢1©

*  There is NO acid left, no acid where the H and the CI are bonded.
* Goes completely to the product side.

b. Weak acids ionize incompletely in water
*  An equilibrium exists
* Normally only a small amount of product ion is present at equilibrium, and most of
the weak acid is in it’s undissociated form

HF + H,0 = H,0® +FQ@ K=107

~* Thereis plenty of HF left. But meaningful amounts of H;0 ® +FOions present
* Some “weak” acids are stronger or weaker than others.

C. Nonacuils Don’t 10onize at all in water.

* No equilibrium exists
* Stays completely on the left side

CH, + H,0 €« H,0® + CcH, ©
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16.1,2 Recognizing Acids D
1. Mem-orize S1X strong acids

(ﬂ M{f}ﬂf % * Assume all other acids are weak acds
' aAn 'OM‘( * The conjugate anions of these strong acids are nonbasic
2. Weak a01ds .
a. Usually formula written with H in front. |
HF HCN HS H,CO; -> acids e Urdle
CHs NH; SiHy = nonacids
* Note: NOT ALL H’s are acidic!! |
' b Carboxylic acids
o N © o o
I | H - _ (!-_,I\ 9 - é
R0 == R0 RS0

o The “R” group can be anythmg, but is usually hydrocarbon
 The anion is stabilized by resonance

* Carboxylic acids are often written as: CH;COOH, CZHSCOOH etc.

/)(\ (7} Tran51t10n-metal Cations: in water they are “hydrated” and func‘uon as weak acids
| /’d(ﬁ (Sectlon 16.5, p. 784)

Ex: Fe3+(H20)6 I H?O === [Fe(H,0)s OH]*" + H;0 D el cabon
Q¥ (L0) + HyO0 =—— [Cu(H,0); OH] D 11,09 - "P’T
d. Ammonium Ions are weak acids (see more under bases amines) &EM \

* Conjugate acids of neutral amine bases
* Formal positive charge on nitrogen
* Unlike most acids, these are cationic species

qumopiywl N, CH:NH; @, (CHy),NH, @, CHNH; @ ete.

ammonia AV

QMmN o - aQwmmMon um
2 .. :

General: M@ (H0)x + H0 — H;09 + M(H,0),..(OH) Groug l
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Recognizing Bases - B
1. Soluble metal hydroxides => strong bases

* All Group 1 metal hydroxides, many Group 2..

* Group 1 metal hydroxides produce 1 mole of hydrox1de per mole of formula
* Soluble Group 2 metal hydrox1des produce 2 moles of hydroxide per formula

—

Group 1 - Group 2 .
LiOH, NaOH, KOH ... Ca(OH),, Ba(OH), ...

NaOH (aq) o Na® (ag) + S, OH(aq) (Complete)
1mole - 1 mole

‘Ca(OH), (aq) —~Na® (aq) +2 © OH(aq) (Complete)
Imole 2 mole

* most Iransition-metal hydroxides have limited solubility and aren’t effectively strong

CuOH(S) == Cu (aq) + OH (aq) D
- lmole ' _ less than 1mole (Incomplete)

2. Amines: Neutral N Compounds = weak bases

Parent: HN: + 1,0 ===  ©QOH+  NH,®
weak base | _ weak acid

e Other amines have N: in common, but replace one or more of the hydrogens with other
thing, usually carbon groups

Amines Bases (examples) Conjugate acids = Ammomum” Tons
- NH; . NH&;(B
CH;3NH,; _ - CH3NHB @
(CH3)NH ' (CH3),NHP
- C¢HsNH; C5H5NH§®

® N lone pairs accept H @

' Amines are the only “neutral bases”. All other bases have anionic charge.

* The conjugate acids are called “ammonium ions” (see earlier)
o “Amines” = neutral, weakly basic |
o “Ammoniums” = cationic, weakly acidic

‘» The ammonium ions have formal @ charge on N

3. Any conjugate base of a weak acid is weak base

4. Any conjugate base of a non-acid is a strong base
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Note: Most Anions are Basic. Whenever you see an anion, consider whether it will be basic!

5. Evaluating the Basicity of Anions
~a. Draw the conjugate acid of the anion

b. Evaluate the acidity of the conjugate “acid” as strongly acidic, Weakly acu:hc or -
nonacidic '

¢. Based on the acidity of the a01d decide what the strength of the anion base would be.

|

Con']ugate Acid Strength Strength of Conjugate Base |

Strong acid Nonbasic
Weak acid Weak Base ]
Non-acid - ___ Strong base
Base Strength "~ Anion i Conjugate Acid - | Acid St:rength
Wweat. F O | HF WA
wedd | ©Son | HON o
| wdle | mpo,© ' . BP0, | 4
| /Uah‘“ba:ﬁﬂ e | B SA
.SJ“W? base HO - - | pen—qc I‘
Smﬂgbwﬁ l - OCH, I CHy | T non- ac(ﬁ\d |

Note Most anions are basw

* Memorize the six anions derived from strong ac1ds that are not basic
* Assume any other anion is basic

Six strong Acids HCI  HBr  HI  HNO;  HS0,  HCIO,

' SixlNo'n-Basic Anions (1© B,©O 1O NO;©  HSO,© C10, @

Recognizin and Classifying Acid/Base Character of Ionic Formulas
1. Distinguish molecular from ionic formulas
2. For ionics, check each ion separately '
a. Isthe cation acidic? -
I. Noifit’sagroup 1 or group 2 metal cation
2. Yesif 1t’s a transition metal cation
3. Yesifit’san ammomum catlon
b. Isthe anion basic?
1. No 1f it’s one of the six non-basic anions derived from strong amds
2. Yes if it’s any other anion




j. NO;© Non- has e

Chem 210 Jasperse Ch. 16 Handouts

1. Classify as Strong Acid, Weak Acid, Strong Base, Weak Base, or Non-acid/base

SA
A

. CH:CHNH, WHB mine

d. CH;CH,COOH WA Carhaky/ﬁb acl

a. HBr

b. HF

. H,S0O4 SA
¢ H3POys WA
g. HCIO U//-\.

| HCIO (g “u_f@k QCib{ '
. a® pep-pae  HCU i a choy qel
Hao, 1 a &_ﬁ_{&y ac'

h. CIO© g

10

o g*vfevy hase
. CHy V\W*QCIECK

m NeOH ~ STvoly base
Ueqk base (F 63

e e a ney acld

HF  welak | C?Ci'ﬁ/ |

n. NaF

o. KL ea Mal pon—acitlit, pop-bwn't
p. NHNOs (w4 A/

@ FeBn A R

16.3 Autoionization of water

S

aclyl el acd base
¥ devev  accetier _
Water 1s both weakly acidic and basic

Amount of 1ons 1s teensy but very important

Ky =1.00 x10™"* always true

. If either |H;0 D ] or [HO @] known, can calculate other

HzOmOH S (ag) Ky=1.00x 10

H:0 P1[OHO1=1.00x 10"  Memorize!

_ {H}OBE@@ -
Moo=t

Sc

. o E{{Sﬁ@@} \XI@WH(
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Neutral |H30 6L>] =1x107 = [OH@ ] pH 7 | Note: H® vs. H50 @
A01d1c |H30 @] >1x107>[0H @] pH<7 | H @ (proton) in water exists as H;0®
Basic: [H;0 ®] <1x107 < [OH @] pH>7 | (hydronium).

o But H®is easier to write!
* They are really the same thing.

16.4 The pH Scale

pH = -1og[H;0 D] - [H3O+] = 10PH ' . Much nicer

numbers

‘On calculator: enter [H], hit  On calculator: enter pH, switch the
“log”, and correct the sign from  sign from positive to negative, and hit
negative to positive 10" button

- (depending on calculator)

1. ngher numberer pH > less H @ , less acidic, more basic.

Lower numbered pH = more H @ , more ac1d10 more less’

"pH 3.0 46 = 102
more  acidic '
e

less acidic

2. pH=7 neutral - pH <7 acidic , pH > 7 basic

3. pH change of 1 = tenfold ehange in [H @ ]
Change of 2 = 100-fold change '
pH change of 8 > 4 1sn’t double the acid or half the amd it's 10 thousand times more!

4. Number of significant figures in [H'| = number of digits after decimal in pH

[H'1=3.6x10° > pH = 5.44
2 s1g fig > 2 after decimal

5. Small pH changes = death
* 7.35 <blood <7.45

* bio rates are often strongly H' catalyzed, with 2™ or 3™ order rate dependenee on [H']

6. pOH = - log[OH ] ~ [[OH]=10 om
___just like pH = -log [Irf] L just like [H'] = 10 pH

7. Since 107 = [H"] [OH] = take negative log of both sides - |14.00 =pH + pOH




Chem 210 Jasperse Ch. 16 Haildouts , 1'2

Skills: interconvert among

[H | < [OH] To know any one allows you

g 0 to ﬁnd any of the others!

pH < pOH ' _
Problems

1. Find pH for following
a. [H:071=1.0x10*  &{,00
b. [H]=1.0x10" il 00

c. [H=32x10" 3 L(@( (noﬁcee fﬁwfr %aw A, net alove q) '

0) Use JAT3OH Té%]—loxlog
oy lﬁ) prﬁﬁ -

a[0H1=53xuﬂ* -
f. pOH = 8.30

- 2. FindeH:
\i@@ ;5‘@;{0’0/7
b. [OH]=3.9%107 m h

a. [H]=39%x107

c.pH=3.95

3. Find both M
'a.pH =3.72 (C. }c’f
b. pH =9. p
PR 419
c. [H]=3.5x10" WH:‘Z@SH’
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16.5 Equilibrium Expressmns and Iomzatlon Constants for Acids, Bases -

A Amds
- HA (aq}+H20 () === HaO69 (aq)+A@ (aq) Ka= - [CJ)F;]igA_]
Shorthand: HA =—= H® +A© _ - K= FH AES ] or [HB[A]

[HA]

1. Strong acids: ionize completely (K = mﬁmty)

2. Weak acids: K, <1

3. Larger K, = stronger acid Smaller K, = weaker acid
4. For weak acids, ionizations may be minimal but is still significant
* for math calculations, the “samphfymg assumption” is usually useful

5. Since A © and HA are conjugates

~* larger K; = less basic A © - (strongé,r acid > weaker baSe)
* smaller K; = more basic A @ (weaker acid - stronger base)
B. Bases - _ _ ,
 enetic | Base(aq) + Hy0(l) === OH© (aq) + Base-H @ (aq) . - [OH'][BH']
o o Conjugate acid P - [B]
T i ' - _ | | _
anonic | A© 40 === 0HO +HA | k. = [OH7][HA]
| Base | Conjugate acid B [A7]
émme | Amine Ammonium o o | NH., ]
ase . .

16.7 Calculations involving K,, Ky, pH, pOH
A. Strong Acids: [HA]=[H®] = pH _
* Complete ionization HCl> HD+ 1 ©
* To know the concentration of the strong acid is to know the concentration of H®

- B. Strong Bases: complete formation of OH S

* [NaOH]=[OH®] = pOH, pH _ .

' o for a group one metal hydroxide (NaOH, etc.), you get exactly as many moles
of hydromde as you put in of NaOH and [NaOH] = [OH S ]

o NaOH > Na® +0H®@

* For a group two metal hydroxide, you get two moles of hydroxide for every one mole
of formula that you put in.

o 1Ba(OH), > 1Ba** +20HO
o [0H©]=2 ([Ba(OH),] .
* Since [OH S | 1s knowable, you can then plug in, and find pOH, pH, and/or [H ® ]
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Some pH Calculations Involving Strong Acids or Bésels I _
1. What is the pH of 1. 36x107 M HS0.7 | o B
HE = 13607 /m logice [ (HE = g4/
2. An HCI solution has pH = 2.16. what is [HCI]? - .

ol 7..._%% =@ ¢q2110”

3. What is pH tfor 0.013 M KOH solution?

[pR: OC/H /)G/%—-"f-“—'—" [ §Q

4. What 1s pH for a solutlon that is 0.013 M in Ca(OH)z'?

:j e logit bt
£0 _f&_, 0. 013){}*— O, 0}@ /lﬁH (S VOHH | 2 I nohe %W;/F&M@

eV —evim u/q
5 What 1S the pH 1f 22 g of Ba(OH)z (90 g/mol) 1S dlssolved in 760 mL of water?

~ O, 322 i””;/ [:C)Hz“' ¢ 373 X )= éf’c/?) i’{d fﬁﬁ: G, 1q

[

eg [0 poH —= o i
cnds Calculatlon Egulh rlum, K., and pH ICE-able (Section 16.7, p 78 -792)
1 | | + +y__ .
Two Key Equatlons K.~ [H 1P [H'= J K [HA];
[HA]init

1. Ma]or Application 1: Gwen a known K., Solve for pHI When a Known Amount of Weak
Acid is Placed in a Known Amount of Water

t[,ogic: Use K. =2 solve for [H ®] = solve for pH

Steps

1. Whether it’s given in molarity or not, convert the sample/solvent ra,tlo into Molarlty
2. Setup an ICE table '

3. Solve for equilibrium H® | _
*  Use simplifying assumption if K, is reasonably small

. Use another simplifying assumptlon that the original population of H ® i also

| reasonably small relative to the final, equilibrium amount of H D
4, Use [H @] to solve for pH

- 5. Or: IfK, is small enough so that the éimplif)finé assumption 1s reason‘able,'you can
_directly plug into the equation shown above
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N HA == o + AD

Initial  [HAum 1.0x 107 0
Change - =X ' :
Equilibium @cﬁg@\ S5 GIL

. - Cuact! |
Equilibrium -
After Simplifying ﬂ+ /B Mt
Assumptions :
o [ /A3 ¢ o

a — — O)f

When the simplifying assumptions B [H”]z.

are used: K= [HA]
| 1nit
When the first simplifying o " TH® ] requires
assumption 1s not used (but th - Ke= ” - ' o f
p - < [HA]Wlt - [H'] a quadratic solution

second one 1s)

- 2. Major Ap]:_jllc'atwn 2: |Given a measured pH Solve for K. When a KﬁoWn Amount of Weak
Acid is Placed in a Known Amount of Water . ' '

_ Logic Us____pH > solve for [HP 1> so-lve for K
3 [H+] é.«-——“"" {*QOWW 'fd ’9/‘@“’? p H I

[HA Ly € [qf\m,m or Iz,m ¢ a,i;f@

Weak Acid pH/K, Problem '
1 pH > K, What is K, for an acid 1f an 0.15 M Wmé—fm&d—t&m

4.867 - -—6/1!/6/
' *Lhoglc pH 7 ﬁH'}S —7 . ,t S HY = [ Zf’x/@
- Equation(s): . — '

)

2= By A~ (= (138 %)
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2. K, 2 H Vhat is pH for a 0 5Msolut10nofanac1dW1t Ka=2 x'106‘? |

- Loglc | Ma 1:++J — H

-Equatlon(s) . _
HA = ;,rf VN N5
T oL -0 O HA
c —x o Tr K

C > _ _/_[_"HA]NO?KI - [43=-—-5:7°/X( |

3. If an 0.23 M solutlon of an acid gives pH = 3. 82, What 1S Ka for ac1d®

qu 8o WS s

4. Ifa0. 11 M solution has aKa=1. 3% 10° acid, -.What 1s pH?

. fa?r‘c,f: £, —> [Hﬂ - ﬂf’}

D. Weak Base Calculatmns involving K, and pH (Section 16.7 792 793

b N Con]uqﬂﬁ aor N _
_ 20 =—= 1O O
' Initial - [A ]m ) L 0% 107
Change o ' o X _ ‘T‘X :
Equilibrium . fb@@; — - - X - )C . (0;?
e Ol

Assumptions

fQHB;L i ,C/W }7[%“4
UD Wg@mth! &ﬂ(’mﬁ 1‘7@;4 9 ma/
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:::Iell;etclll:e simplifying assumptions Kb""‘ [[i?] 12 - " [HO (—3 1= \/IZ <[ A-]im' | |
When the first simplifying B [HO T - rHO © | requires .
o _ K, : A ;.
assumption 1s not used but the [A"].. - [HO] a quadratic solution
second one is o
bafe — x

Ap plications R -

1. pH = K, Strategy: pH = pOH = [HO®] > K,
2.Kp2pH Strategy: Ky 2> [HO S pOH-9 pH

Problems: pH and K,, -
1.pH—> Ky, WhatisK,ifa0.123 M solutlon of a weak base gives pH=10.62?

| bdqﬁﬁf\‘* '@-C[(}l +  OH ; /)OH‘: [~ (Ot 2= 3584
I el 3 @, ~0 . > N . ~y
C  —x 4 x Hx [O#}= Artng™ = x
E oo X X v x2  _(artagt)”

[04-7 ¢! p H~= pﬁﬁ —7 TZb

2. Ky > pH IfK, for a WGak base is 1.6x 10, what is the pH of a 0.222 M solution of the

pase? lé*gfzc Kb — [O H} —=7 W&H — {7/-/

E_O = ﬂ\(a/r(o“‘g ] (0.22) = L6fx 10
3 . . /)C/H: 2713 '
'IPH:ZQ’“}}'?B: “~2'7
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E. Relatlonshlp Between Ka and Ky for Conjugate acids/bases (Sec’uon 16.7, p 794)
* Review: stronger the acid, weaker the conj ugate base (and vice Versa)

KoK L0x 1077

(1ven one, can solve for other. | _
Tables routinely provide only one; expect you to solve for other
. Can rank relative strengths of acids(or bases) given info about conjugates

Review Table 1622

5w —

. Toughest problem: given K, for conjugate acid, calculate pH ftor a solution
of weak base

* Logic: K, %Kb—) [H()@] ->pOH - pH

Derivation of K Kb—IO (not responsﬂale for derivation, just for mterest)

_[H,0][47] K= [OH" || HA]
[HA] S
So K K= 11,0 ]14 ]} [OH ]__[HA] =[H,0*][OH ]=1.0x 107" Thus K.K=K,=10"
: _ [ HA] 4]
. Strength of
Acid Strength R (¢ Kp - Conjugate Base
Strong K> 1 | Kp<1x10™" Nonbasic |
Weak 1x10M<K,<1  1x10M<Ky<1 - Weak
Nonacid Ka<1x 107 Kp>1 Strong base

Problems Invblvin Relationshir befween K'a and K, for Conjugated Acid/Base

Substance HF HN; "HCN -
K, 6.8x 107 1.9x 107 49x 107
. | N | r . l _
Relative Acidity c;?— | | 3
Conjugate Base ' E - & e
St F& % C A
Relative Basicity 2 I , ) o
Ko LA (Y | 820 x16TF | 20dyipS
" 1. Rank the acidity for the three weak acids, 1 being strongest. /-{/3 > tr Y HCA/
2. Rank the basicity, 1 being the stongest, for: NaCN NaF NaNj
v F°

/‘{/56“
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Substance . _ — HF ' - - HNj3 | HCN
1K | 68x10" - 19x10° | 49x10™
Conjugate Base ) = e _ /V?L@ . @C/U

K e ket 26 s10'* | 2eyne’S
- 3. What is Kb fOI‘Ngf? lza[(y — lx{C/‘W IZb:ML{ ~ S“‘Q@/\,(Or-"’z
R —

4. What 1s pH for a solution that 1s 0. 12 M in NaF™?

Loglc Oﬂﬁ CC}?W% W’L/S gl‘_f(z(ﬁfhﬁﬂ
@ K ¥y 7(0%6 —7 MH 7/%/
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C. Polyprotlc Acids: More than One H Avall.able (Section 16.5, p. 783)
| H2SO45 H3PO4:- H2C03: |

I. E_ach H" gets successively less acidic (by > 1000) .

Relative | _ _ Conjugate Relative
Acidity Acid | - | Base Basicity
' H;PO, K, =10° 'H2P04
H,PO, K, =10 HPO4
HPO,?> Kg=10" POy

2. As acids 1n water, only cons1der the first ionization.

3. When base is added, however, all H’s come off (st01ch10metry permitting)
H3PO4 + HyQ) == H3O + H,POy4
But H;PO4 + 3 OH - 3 H,0 + PO,

4. HySOy4: 1% strong, 2™ weak

water ' Water

H,SO + HSO4 == 2H' + SO,
none Httle

5. Some anions are complex both acidic and basic!!
HCO3; == H T CO3 |
%i 1.0 .
| | - OH + H2C03

" Polyprotic Acid/Base Problems

1. Which is the stronger acid?
H:PO, = 7 H,PO,
LSO, 7 HSO4

2. Which is the Stronger base?
HCO, £ CoZ
HSO,4 < SO~
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16.8 Acid- Base Propertles of Salts (Iomc Compounds)

FeCl, ‘MgBr,  NaCN
pH<7 pH= pH>7
acidic neutral basic

Recall “salts” formed by acid/base reactions

“salt”=ionic _ - |
“Example: SA/SB HCl + NaOH - H,0 + NaCl neutral
WA/SB  HF + NaOH - H,O + NaF | basic
SA/WB  HCI+NH; 2> NH, CI acidic
- WA/WB HF +NH; > NH,FF can’t tell
Observations: -

1. Salts can be acidic, basic, or neutral. -
2. Depends on strengths of acids/bases from which they form.
3. The “lons” in the salts are conjugates may be a01dlc or basic!!

A General Logic to Predlct Identlﬁf Tons 1nd1v1dually
I. Cations: acidic or neutral *

a. (Group I or II cations are peutral

Li",Na', K', Mg, Ba™, ...
No 1mpact on pH

b. Al3+ I'-metal cations are acidic (see 16.5 pg. )
-water
AP > [AI(H,0)s = H' + [AI(OH)(H20)5]2+
Weak acid

c. Ammoniums are acidic
NH;", CH;NH;" etc.

2 Anions: basic or neutral
a. Neutral: conjugates of strong ac1ds

Cl BI‘ I NO3 C]O4
b. basic: conjugates of weak acids (or non acids)
| - F, ClO, .
3. Amphotenc anions derlved from polyprotic acids: can be acidic or bas1c
-not test responsible

| HCO3_, H2P04Ta HSO3-.
B. Predicting acidic/neutral/basic (qualitatively)

- Cation anion ___salt solution ___example
Neutral - neutral neutral NaCl, KNO;
Acidic neutral acidic . NH4Cl, Fe(NO3)3
Neutral basic basic ~ NaF, K(ClIO)
Acidic basic can’t predict NH4F, Fe(N3)3

(without K’s)
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Predicting Acid/Base Characte_r for Tonic Formulas
1. Predict as acidic, basic, neutral, or can’t tell.

a.  NaxSOs ' - _e..NaNOj _ o
WO pewtdl 0@ pewtval @
_ | /A bu
18 SObO . _ - ALE peubal L I
- ot anc - _
SA | _ '
b. MgCl, - £ KN3 -
& 9‘2 / MW /(/euifa/ N M@ neutol g e
C/}\l V‘Oﬂ@ﬁ}é - _ /Ub@ MCU?\C . '
el shay '
c. ~ NHLCN - g. AICl;
’UHQ ACIAC 4 . /3:( Toacuolt At
C T‘/U Wit - C@ neyval
eV WA .
d. COC12 h. CH3NH3B1‘ . |
C@;H ac \oﬁC {QCNI&) Cf{-}/gﬁé Q’C(MC /A(C ™
C©  peatal L@ negtual C |

2. Rank the following in terms ot increasing pH, 1 being the lowest. (ID as strong/weak
acid, strong/weak base, or neutral first!)

o Na(l _ Can ZnBr, . HNO3 _ KOH
/Ua@ ca A - 9
c€ £

Neabal  pasic
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16.6 Molecular Structure and Acid/Base Strength

 Why is something strong or weak? Acidic or Basic? Can we predict from
structure, without K’s? '

A 3 Factors on Ac1d Strength
- 1. H-A bond strength: stronger > less acidic
* Why H-I (strong bond) 1s weak acrd but H-Cl, H-Br, H-I are strong acids
e Row?2 bonds (H-F, O-H, N-H, C-H) usually stronger than row 3,4 analogs
2. H-A polarity

* Reflects electronogatrwty and polarrty in the bond to the acidic hydrogen '
- o CHy4 non polar = nonacidic

® H Br polar = acidic

3. Stability of conjugate A ©
e -electron love again a factor

CH; > H + S CH3 Horrible. Carbon not electronegative, can’t handle e
HF > H +F© Way stronger. Fluorine electronegative, can handle ©

B. Practical Pattern .'
1. Horizontal Periodic Pattern: Acidity increase 1eft -2 right

_ CH, NH; H,0 HF
Ko 10°° 10% 10" 10™
Note: ¢ love, electronegativity/bond-polarity, anion stability all agree
Rank: Acidity of SiH, SH, HCl pH; ¢ ¢ S C\

G @ 0GC >

2. Vertical Periodic Pattern: Acidity Increases Top = Bottom
-due to decreasrng H-A bond strength (even though contrary to e 1ove)

HF < HC , " H,0 <H,S <H,Se
Weak strong - K=10" 107 10

Note: Basicity of conjugates linked!! . ,
Horizontal: ©NH,>F© Vertical: FO >C1©

23
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C. “Oxoacids” (Nonmetal hydroxides)

*Many structures have OH ' Z(OH)y(O)X
KOH H2C03 = C(OH)ZO | HQ'SO4 = S(OH)202
Base weak acid strong acid
1. Metals with OH are basic = NaOH, Mg(OH),, etc. NaOH > Na @ + HO ©
2. Nonmetals with OH are acidic F-O-H F-O-—H S>SH®+FOO

(LD

Oxoacid acidity increases as you move left =2 right across a row
Si(aOH)4 < P(OH);; < S(OH), < CI(OH)
e -electron love increases polarity of O—H bond
4. “Extra” Oxygens’s increase acidity

HCIO; > HCIO5> HCIO, > HCIO H>SO4 > H,S0;
Strong weak strong weak

Why? Extra electron-loving oxygen
1. Stabilizes resulting anion |
2. Polarizes O-H
3. Weakens O-H

5. Any Neutral Oxoacid with >2 extra O’s is a strong Acid' .

Strong: _HzSO_ﬁ;, 'HC103 | Weak: HzCOg, H3.PO4, H'QSO3 |

E. “Hydrides™ _
1. M-H metal hydride = basic

NaH + H,0 > H&-} Ao OH '
2. Non-metal “hj/drides” neutral or a;cidic

CHy4

H-Cl

Polarity Reveral: Compare Na-H to H-Cl

vlBpe wWe€

24
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Predicting Acid/Base Pro .erties and Trends . . L ___Wh ‘7
1. Which are écidic vs. basic vs. neutral in water?
CHCIO;s  CH;COOH CH:NH,  Ca(OH),
2. Rank Acidity (1 strongest) y | - o _
R ‘ (b Stvoug, memory, oxcactl
SF H0 H804 CHy With™ & exir Oxyqent:
# 3 | (2 HF> U o
- ' . L/ @\ | l—bo 7 CH‘// A"@/V! %Cﬁ\l@/
' . - R ' - ﬂCJHC Vv
3. Rank Acidity (1 strongest) - _ %

HCIO,  HCIO;  H,SO, mLSOs  © o
v G @ U mere Crygent
4. Rank Acidity (1 strongest) ' - a ' _ el N

H,0O H,S H,Se

5. Rank Acidity (1 strohge_st) -

R HiSe HAs HGe oo aAc [,

v eecow " "2

6. Which would be stronger? o hCW ] 2 \}C{ (
I VS ‘ H‘BrO- _ .
o of Y 9@4 I

7. Rank Basicity (1 strongest)

- 8. Rank Basici.ty (1 strongest) o

HPO,* 1ro,©  1s0,© (U | vE ! Cl/lm%/ anion
l

(v @ (> of fely pmﬁC _
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16.10 Lewis Acids and Bases: focus on electron pairs, not If movement
Lewis acid: e- pair acceptor - | Covers “acid-base” chemlstry that doesn’t
Lewis base: e- pair donor -~ - involve H'

_ - = = — . - - * — - — ~1

~ Water as Lewis Base: Uses an Oxygen Lone Pair Water as Lewis Acid: Accepts Lone Pair

' ® L) o @
.o o o VS N — —N—
Cl=H*" ™ :0-H ~ H-O-H -_ RO~ _ l}' H - H-N-H
' v v Il : .
Other Examples
- o S @
H ~:0-H H-O-H H-O: . C—Br > H-O-CH; + Br
a. . .o ' | | 3 oI e #
b O
O.. S, | . .. -3+
- FB# NiF; ——  BF, | AR TN ~ | AI-O-H
.. | 3 4 _ _
C. - _ - H H ]
d ' - How metal hydrates form
| H i H o 12+
Zn2+ *~ N :iN-H ~ | Zn—N-H

e H R

Notes: 1. A “base” must have a lone pair
. (F-: OHZ: NH3, )
2. All anions have lone pairs = Lewis Base poten_tial
3. An “ac1d” must be able to accept a lone pair
-all cations can!!
-some neutrals: BF;, SOs. ...

- Lewis Acid/Base Problems ,
1. Which would not be a Lewis acid?

Alcl, T [/ N0,© ) ZnSO,
. .  \_Anch
- 2. IWG’MS acid and Lewis Base ' . _ _
% - O* N
a. Fe + 6 HQO > [Fe(HZO)g] - b H + CH3NH, = CH3sNH;

A LA L g
Cg(\ - o~

CH; +1© > Br© +1.CH; d N2++4N3@9[Nl(N3)4]
LA L0 LA Ld




o o | Chem 210 Jasperse Ch. 16 Handouts |

CH. 16 Acid-Base Chemistry Math

Kev Equations, Numerical Relationships
[H+][HO] =1.00 x 107"

2. pH= -Iog[H |

[H'] = 1O‘pH (on calculator, enter —pH,, then punch the 10" button)

pOH = -log|OH]

Y,

- |OH] = 1078 (on calculator, enter -pOH, then plinch the 10x button)

3. pH+pOH= 14 ~ pH=14-pOH

‘Weak ac1d roblems _ _ _
- = [HI[A)/ [HA] ~ but when HA is placed in water, [H4] =JA"]l so

When the 31mp11fy1ng assumptions | 1 K= [H* T | . [H @] \/K 5 [HA]lmt

are used: - o '

| [HA]init |

When the ﬁ1fst simplifying 6 e [H*]? - [H P requires

~assumption is not used (but the T [HA]Imt [ *1 . aquadratic solution

second one 1s)

—b + '\/-ZE_— dac
Da '

7. Quadratic Equation: for ax>+bx=c=0 | _ X = -

Weak base problem ' ' '
Ky, = [Base-H |[OH ]/ [Base] but when Base 1s place in water, [Base H" ] = [OH]

init

second one 1s

- So:
When the simplifying assumptions [ — [HO T2 -' ' 9. [HO O1= r
- are used: . s b [Base] . . ,——Kb y [Base]hﬂt-
When the first simplifying [H()“']2 [HO (-3'] requires
ssumption 1s not used b tthe 10. Kp= -1 SR
4 p O v . [Base]. . - [HO™] a quadratic solution

11. KKy = 10" fora conjugate acid/base pair.

Note: This relationship is routinely used when a K value for your acid or base is

not provided, but the K value for it’s conjugate is. So get it 1nd1rectly

Some Calculation Logic Scenarios

Strong acid = pH ' |Strong acid] = [H @] 9 pH

Strong base =2 pH ~ [Strong base] - [HO @] -> pOH > pH

Weak acid + K, pH  [Weak acid] + K, > [H®P 1> pH

pH of weak acid = K, pH > solve for [H ® 12K, _

Weak base + K> pH - [Weak base] + Ky, = [HO S |- pOH > pH
pH of weak base > K, pH -> solve for [HO© ]~ pOH > pH

N O R W N

.~ Weak base + K, of conju_gate acid > pH - Ka2 Ky 2 [HO G>] - pOH - pH




