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C oncepts :

e /rtration Curve: a graph that shows how the concentration of @ reactant varres
as trtrant rs added.

.- £ Qurva lence point: point at which Stoschiometric amounts gf reactants (trtrant and
(Ideat ) analyre) have been mixed.

« End point: point near the equivalence point at which a sudden change in a physica( property.
( we measure actually)

o 77tration Error. The difference between rhe end point and the equivalence pornt.

¢ Ve = volume af rrerant at e7w‘:/a/en ce pa/'nt.

Va — volume of Trtrant were added acrd .

(/b - vo/ume af’ rrerant weré adoled base .

Acrd - Base Trtrarron

Titration of 20.00mL 0.1000 mol-L-1 HCI with

S#ron 9 Acrd with S rrong Base
- ] -1
1. Before equivalence point: 0< Va < Ve o C- 1000 mol
i ) . [ NaOH oy Excess Excess H [H'] calculati
[DH-] _ C(OH ) VOH) ~c(H)- vCH?T) . = Max Q . ° | HeymL | NaOH/mL | P A
V(AT +voH") e I ¢S dzy dx 0.00 0 20.00 1.00 | Before titration|H*] = ¢(HCI)
61 i (W =0) 18.00 | 90.0 | 2.00 228 |H=
Q. At equivalence point: Va= Ve o TH\ 19.80 | 99.0 | 0.20 3.30 o
- -%00 / \ 19.98 99.9 0.02 4.30
(AH']=[oRH"])=JKw =10 I ’ End  [H']=[OH]
n r ) 20.00 |100.0 | 0.00 0.00 | 7.00 [» o0 e
_ ' .. strong E 20.02 | 100.1 0.02 | 9.70
3. After eguivalence point: Vaz Ve | base 20.20 | 101.0 0.20 | 10.70 | [OH] =
[ H*J = CCH")-v(H*) - c(OH™ Y- v(OIt") 1 : | 22.00 | 110.0 2.00 11.68 | c(OH")-V(OH)-c(H*)-V(H)
- - 0 V(H')+V(OH")
VCH?) t VIOH ) 0 10 20 30 X 40.00 | 200.0 20.00 12.52
Volume of acid added (mL)
HAc+ NaOH=A- + Na* + H20 Titration of 20.00mL 0.10 mol-L-' HA/HAc with
Weak Acid wirh Strong base | % L 0.10 mol-L-' NaOH
Buffer zone ¥ Ka(HAc) = 1075, Ka(HA) = 107-%)
1. 59;‘0/3 any base added . (HA + A") NaOH compo- | pH | pH ) .
A T : _ 9 T% sition | (HAC) (HA) [H*] calculation
HA f'_—?“ ATrA |(H')= “Ka* JK - 4 Ka e | 0 0 HA | 288 | 400 |— H*1= /K
= [H.'] = fKa v S Stron 98 - . . [ ] g |  * .
J T one 4 1000 | 500 | HA*A | 476 | 7.00 [N whens > /00K, if not?
. ; < [femmEmaii 4 B 18.00 90.0 | HA+A- | 571 | 7.95 '
* ‘i‘j.,f.b;ibez‘z; g";;: ; pormt, OS Vesle . NaOH § 19.80 | 99.0 | HA+A- | 667 | 9.00 [H"]= —[[Iié]] K, (buffer)
= + Lo (Al buffer capacrry P 3 96 998 | HA+A" INGaCE Henderson—Hasselbalch equ.
P pha 9 (HA] Max ZHE— T = B e 19.98 99.9 | HA+A- | 776 | 9.70 [
wa=""Tp C Weak - - . i
P B | i 20.00 100.0 A 8.73 985 | — [OH )= ,/K (A7)
s a hen = L / [ acnd\& )
pH= pRa w Vb = 5 Ve & G : HA 20.02 | 1001 | A+OH- | 9.70 | 10.00 when c(4) > 100K,
1 - : 20.04 | 1002 | A+OH | 10.00 | 10.13 ]
3. At equ/'m/ence pomt , Vp= e ) T 2020 | 101.0 | A+OH | 10.70 | 10.70 | [— [OH ]=c(NaOH)+ PA]
| o l Same with titration  pydrolysis
A ._f Hzo 2 HA OH- tHa:f‘\N’ay (()' S(Ol(‘hl(-J 22.00 110.0 A+OH- 11.68 11.68 ofstrong base
- stoichiometric
point Equivalent Point

Ks = 'fi‘ o [UH.]z ,’Fb-c(A', (C(A'}? 100 Kb) (NaA) basic pH
4' Aff@f 876{/'1/“/6”(‘6 IDDI-ITC', l/b? Ve

(OA )= ccNaOH) th [DH']z C(NaODH )

Hydrolysis (7J<h{.)
N S
rtration Error : i ,
7 oom Trtration Break wi# R
CtCo [ Kw _ rpy+ ) T Titration curve with diff. [HAc]
H

T [ (1Yo C ]a, ] stronq acrd -
Co [HA) < (waon) HA Titration break
Vo : THA) v : trerated volume

0.01M: 7.76 — 8.70 by 0.01 M NaOH
0.10 M: 7.76 — 9.70 by 0.10 M NaOH
1.00 M: 7.76 — 10.70 by 1.00 M NaOH

Conclusion: a.) Dne can calcalate jts trtration error from the pH at end point.

b.) T/tration error increase upon reagent drlution.

For [HAc] increase 10 times,
the titration break becomes
larger of one pH unit

1
+ico
2 7° -ox

C"%Cc

/Qe.s'a/r/‘ng Fpam /@a and rl\] ! . .
0 50 100 150 T% pH = 14- pOH [OH']=W

Titration break is larger at higher [C] of weak acid

. ) 24
Find End pornt
@ Bg /ndrcator @ Bg mathematrcs — \)

Carven . Cp : C+CC° =x Drilurion by a factor of
CCo

iire

77 tration break T error |}

Common Indicator for acid-base titration First Derivative | ¥
Thdicat Color of K. pH range of Color of T7-2. 50 mL of the base methylamine (CH3NH>) with a concentration of 0.042M was titrated The sudden change of the pH locates at the range of 20 ~ 22 mL.
HCaon acidic form pixd color change basic form b HCL and thi " fts: ,
wit and this are the results: V(HCI) pH (x1, y1)
Methyl orange (MO) red 3.4 32t04.4 yellow \
V(HCI H V(HC1 H
Methyl red (MR) red 5.0 4.8106.0 yellow ( : ; i (10 ) i 19 | 9.667 For the slop between x1 and x»
: . ' : dpH _apH _yi-y
Phenolphthalein (PP) colorless 9.4 8.2to0 10.0 pink i BRI Tl T 20 9.344 ST x_l_xz
3144 How Indicator works? 2 11623 12 1052 & | e
> 3 11.423 13 10.434
i ‘J = HIn H i In ] 4 11.273 14 10.344 - 2230 = 72
k., - e 5 1 1 15 15 10'247 - 23 e
4 6.2 } . .
R | | c Ediza [1’1 ] e 6 11.043 16 10.14
5.0 praa=05-29 b - [ HIn] [Hln] [ H *:I 7 10.946 17 10.017
| 10. 1 ]
R | T ' [In-]/[HIn] > 10, pH > pKa + 1 — Basic Color i s : AL
pK=9.1 90 9 10.77 19 9.667

[In-]/[HIn] < 0.1, pH < pKa - 1— Acidic color

PH = pKa +log Color change range: pH = pKa =+ 1
[HA] g ge:p p

We can obtain the different slopes with the difference of HCI volume,

28 Given that the reaction is: CH3NH; + HCl — CH3;NH3" + CI- 3 Slope
v
a. What is the K, of CH3NH3" (What is the Ky for the methylamine CH3NH>)? BRI
_ 7667 -2.344
19.5 0.323 = T
20.0 L9
/0 rndd k
F P a 20.5 3.257 y
\FF- 2.38
- = 21.0 3.394 = 7
pKa =pH (Va-%Ve) -
21.5 3531
volume of HCI. The pK, is the pH at half volume of the titrant. That is to say, when V, = %Ve 29:0 1.850
=21.50 mL/2 =10.75 mL. The pH after adding 10 mL is 10.686, after adding 11 mL the pH 22.5 0.170
1s 10.604. We can use the external standard (interpolation) to get the unknown pH at V, =
10:75 il 4
(21.5 mL, 3.531)
10,9 3,5
e. 3
e g y =-0,0841x + 11,528 2,5
T TR=1 >
3| 2
0,
- 10,7 -y %.. i
2 10.62 : <>
10,6 e 1
‘ 0,5
10,5
0
19 19,5 20 20,5 21 21,5 22 22,5 23
i 10.75 mL !
7 8 9 10 11 12 13 14 V (average) HCI (mL)
V HCI (mL)

So, the CH3NH3" pKais the pH at the HCI volume of 10.75 mL, which is 10.62.

You also can use this formula to get pKa

pKa=10.686 + 0.75* (10.604-10.686) = 10.6245

pKb for methylamine CH3NH:z is pKb = 14 — pKa = 3.38



Prefixes with SI Unirs

Mega (M) 10° decricd) 107
Kilo <K) 10’ centice) 107°
milli (m» 197
mirero () 107t
nano (n) 107

Con centrations

/Vlo/af/'fy (M: mol/L)
/MD/&'//"?‘% (m: mol/kj)

> voluna percent

Percent composrtion (wiw, v/v or w/v), %%

\5 wezyhf percant

MASS Of substancR 2
——_L* x 10

mass af sample

mass of substance x 107

mass of samp/e

Parts per million , ppm:.

Parts per billion , pph

W P "-'/ﬂ\%
0.004 %\)
For a7aemxs so/«tion { ppm=mg/L = pg /ml
pPPb=ng/l=ng/mt

due to P (H:0)=1.0q/ml

Dilution Formula
4 cone ) ( Vieone ) = (Mot ( Vstita)

S+orch rometry B uER
i aptirofiooE Ll -1)5H,
YA T REY Rpd0fe L RI0 2 E) i 5 -7,
YESEXEL S ATIF P2

L/'mif/ny reagent: who /s inadequate

Experimental error

Leq/’ Li
?97014160

Random error  + Sysrematic error

m l

) + Trueness

| f

Srandard deviation + Bias

|

Zotal Error

Accaracy

Measurement

unrer-m/'nr_q

Examp/e: " Impure sofvent
700 narrow burette

/ncorrect /nspection angle




Propagatrion of errors
Addition : 2y= —“’ Absolute uncertamty

Srgnificant Fiqures 7 mixs

cletermined by fewest decimal places

g: X1+ Ko

Multiplication: (Y = Xz X2

Adclitron /) Subtraction:

1.26 )(10.4

"[a.4] 407

45 x107°

/Vlu/z‘/'p//'car/‘on J/ Division: [(rmited by smallest number of S.F

2. 46387
1450
4s F 4 le its

Logar/'rhm: «Zay (x=5.403x10°%)= -7 267F

2 drgits

(e -4
Antilogarithm /Exponent: an-f/'/og (-2.42)= 3.8%10

2SF

lQD Hﬂd/'ﬂy : @ Round Up : when more than halfway to the next higher digrt.

@ Round down: when more than halfway to the next higher digre.

& Round to nearest even digrt : exactly halfway (eg. F3.45243.4 ) 22

LegrLi
S.F with uncertainty 999046160
The First digit (NVOT ZERO) /n abso/ute un certarnty /s the (ast
S/yn/f/‘mnt Frgure in )/(na_yr//'ma/e, /"fl‘ﬁdﬁ‘ P T X T 3T4
€g.  0-0)456 (£0.00013) = 0.07456 (0.0002)= 0.0 )46 (£0.0002)

Deviation in random error

Deviation: the differonce between the vatue x:) in one set and some
Fixed value , usually the mean (X)

Individual deviation: d<=x¢-x

Average devration: d =
Strandard Deviation (SD, s)

- E(xf-;)‘
SE Py , measure fo/‘Mn

Normal ( Gaussian) distribution

\ ﬁm ctron widvrh /D( 16 63 3%
MLt A6 7S 57
ML 26 27 7%
/L: /‘m) ction cené‘/e
1 -5 Oms=-6
Y= & e A

T he population SD is &



Kelarive Srandard Deviation (RSD)
RSP = —;—-x 100%

Standard deviation of the Mean (S,.)

//lanj sets of measurements are peryormed and the mean is calewlazed

7or each set. 7he SD gf these means /s caleatazed for estimating rhe widzth

of the distribution of the means,

set 1 Xi= 26 Meons of the mean

set 2. 7,292 \S,: [ EZE-mr
) Mm=-1

{ 8 g//l/a, of rhe set.
set m Rn= 75

Calcutarion of Sm olirecz/y From the N/ (N >1) measurements :

S
.Sm’ f—-/\_/. , S SS | Sm cdecreases by a factor J_/LT'/_ through

making N repeated measurements.

Presentation of the results

E xperimental resuft Instrument or method ;

* Mean * SO of measurement

* SD of the mean * No. of the measurements

*NO. of the measurement

Xx=0416mM S=0.09M
Sm= ‘%M nV= 6

N6

LegrLi
Ca (;bration me rﬁods 999014160

A mezhod to measure the unknown quantity from the known

quant/ry 77rom the known 7aanf/'f/'es of analyte ( standards )

O Exrernel standard.
® Standard addition
® Internal standard

Exrternal Standard

@ prepare muttiple solutions containing different [Cls of
analyte with known quantieres,

@ Measure signals for each [c].

3 Make the calibration curve.

@ Find the unknown [C] through the curve.

o~ 5/‘9/)0\(

o~

()

Matrix Effect : zhe change in the analytical signal caused by

anything in the sample other than analyte



Added standardl

Srandard Addition (the same substance as analyte)

Based on addirion known quantities of analyte tv the unknown.

(Samples are made in almost the same matrix.)

" snitial coné. of unknown

Signal intensity -1 : Ic=kI[Xx):
Lerey= K([X),+[S),)
Fraot 5"‘. ) final cone. of standard.
pfunknanm
I _ [xJ: | [x]f:[x]{l/v_”

- [(X1,+[S) i Vs
s 7 f [S]f‘[sltv

eq. Na' /n serum gave a signal of 4.37mv
SmeL of 2.08m Nacl Added to 95.0mt serum sample .
7 he spiked serum gave a signal of 7.93 mV.,

Find the conc. of Vo' inserum.

I [/'/’ £ 3 -
x i ") - _4327mv o b ST
Ti+s 095N’ )c+ 11g§~5 7.98mV

A solution with succ esssve addreions
Cone, of standard sample Af F &, Ve Al $ 0 ra A ] o 14 14 Matrix,
4
I(X*S)(V): Ix+ L= [s]: (T‘;E)
= L

[x1,
Y X

Y: Iv(fs) ‘!lé/;

/ Signal of unknown

-[XJe X = (533

Leqi Li
999044160

! I Add Vo= 5ml of unknown
! l I Add srandard of analyte

(C) with /ncrease Vs

! | l Frll all to V=50 ml

Mu/tiple solutions with constant \/

I, I
Loy = == [x],+ == (5]
R ) Y 3 7 N cquL
5/: 1()(1—5)
‘LXJf x—‘—(SJf
o= Lx

Internal Standard

Vhe added standard s the same substance as analyte 1o address matrix

effect.



Principles of chemical equrlibrium

Keaction: aA+bB = cC+ db

crtos?
(A)(BY

P K E L Kk K
Aolded

reserved

7 he PH Scale

pH = - .&5 CH"] pPOH= ‘.%5 [OH']

7 he P H range yeﬂe/a//j:
Neurrol

0 Acrdse 7 alkatrne 14

PH

[
»

Neutral

L .Z‘/Lzar

v ANV ae Wb R
—_— —

2 P
-2 -3 4 & -b -2 8 -9 -10,5,5 Cconcentrarion)

Strong Acid / Base

LegrLi

999014160

Ko _,_ .
HA — H + A
7 ) 0
0 7
_K_Z -+ f -
20 — H + OH
w4

_frpa
Ka= - x
Kw= (F+yry

S‘rron_g Acrd :| [H']=

f +/t +4Kky

2
Strong Base: [([H*]- = R
po R
Weak Acid
Ka - L
HA — H + A
_(xtyrx
/( 0 0 Ka‘ f'x
7o S =
20 rk‘_“i H™ + OH Kw= (Xt g1y
g 4

Weak Acrd: [H"]= “Kat /Kt 4 Ka

2



5/'/77,0//7‘_7 rhe formula:
7z10'm: (H')=F
Fz100ka: [H']: [FKa

LegrLi

999014160

Buffer soflutions

weak acid + /ts conjugated base } @ sofution that slightly

; X ) changes rts pH upon addytion

weak base + jts conjugated accd S
Ko -

HA S—— H+ + A

= ]+ [A—-] =3 = ar (A—-]
%_q/(a ,éangJ %ij]— pKa=pH 'éangAj

when [A]=[HA], pH= pka

Buffer Capacity. P
A quant ity that represents the resistance of pH upon
addition of strong acid /base.

'z: @ = __."O(C“

,Wwhere Ca and Cy are the moles of Strong acrd /base
O(,OH D(P/’I per LL to produce a wnit change /n pH.

P=23Cc xMHAIXRXA) | Brax=0.575¢

G = EAEL
(A"J+(HA] Ka+ [H']
ATNE [HAY (H)

(HAITCA) Ko+ (H')






Common Prefixes with SI Unrts

Scientific
Prefix® Symbol Meaning Numerical Value Notation
Prefixes That Increase the Size of the Unit
tera T trillion 1 000 000 000 000 10"
giga G billion 1 000 000 000 10°
mega M million 1 000 000 106
kilo k thousand {000 o« w I (A
- R SRR
Prefixes That Decrease the Size of the Unit NN
deci d tenth 0.1 m/ 1|D. llo._\m.;_ 107!
centi c hundredth 0.01 TETT 1072
milli m thousandth 0.001 1073 oy ,
micro m millionth 0.000 001 10°° 10 10" 157101 10
nano n billionth 0.000 000 001 1077 f""' o 'Mm'm 'm o
pico p trillionth 0.000 000 000 001 10712 ~
femto f quadrillionth 0.000 000 000 000 001 10713
SI Um‘t
— meter (m) —— Length
— kilogram (kg) —> Mass
. . . 2
o (=) i Den vea( force (newton, N), kgm /s
> Time =+ pressure (pascal, Pa), N/ m?2
—ampere (A) —— Electric current SI WUnits -+ energy (joule, J), N'm
—kelvin (K) —— Temperature
— mole (mol) —— Amount of substance
Concentrations
Molarity, M (moise)
Molality + m (mol 149)
9
+ Formal concentration (formula units per liter), F
+ Percent composition (w/w, v/v or w/v), % Weight percent -

+ Parts per million, ppm Volume percent 7

« Parts per billion, ppb . _
/f the o&m’? Bf Ja/ut/'aneg I ?5A (wW/w) ezhanol contains

mass substanca. —£L15”"—95y of ethanol of every 100 g of
P}Dm - 7 x10° = M]/L = M9/ ML oution.

mass ty“ .camlp/e

P/Db . mass of subsrance 10’
mass af' samp /e

= |9/l = ng/ml




Making so/utions
D//“r/bn #rmu/a N (/{/\ unc)(mec ) = (/Vlc///)( Vdﬁ)

Storchiome try

Dissolve > Oxidize = Precipitate = Sinter = Weigh
L/‘mit/‘ng reagent

a. Find the number of moles of each available reactant;

b. Compare the number of moles present to the number

of moles required for a complete reaction;

c. Determine the limiting one (who is inadequate).

ao‘;g,,é\if



