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428liS9 96% Al 45 =931 an> A Jslra (0 29 e (30 40% e Syizs Jslxa s way i 1l
(d=1.495 g/mL) 4 4all

0 —_—
96 /t\ (40-0.0) 26.76 mL
/ d=1.495 g/mL

0.0 % (96 - 40) —

56 g=56ml
d=1g/mlL

.HNO3 (12 40% (e Jazi yada clo 56 mL 4l Capais HNO3 96% (o Jgloxa 0 26.76 mL il
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i pb Lk laadl caias Lol 37 % St drpmiall Al i o) Ly (@CCUTALE) Amizo Lol Lple Lilias
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Ll ST 2 laze il cilS Ll « anddl Luaany (0 Lo (haes @l il Cy8 gue (PTECISTOM) 231 i Leiy
1l 31 ek IS oo Al Lugall el Julows il Slied (MOTE PTEcise)ass 81 gl culs

25.2% % 24.8 25.4% 24.6% 25.0%

ol slael ez at cdly ¥ mlills dules 25.0% oo Lol ougill oS3« Jo¥ Ao gazell il 0 483 4ST pzas

(more precise)ass 781 Ulxll sia § Ll ao 37 %( (£ dxsmiall 2zl
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Low accuracy, low precision Low accuracy, high precision
High accuracy, low precision High accuracy, high precision

Lidyan cinias ladieg (L) 300l L 309 ubidll aid> e pad 3l Aegall (2 True valueddga)| dadll -1

o Uasell Jla ! Ld 0580 @y Ylozo! AT 2asall Lee Lnge pusras

OSesd(n) Aulall @all sue G138 & pzelly dasHILl degall (£ :Observed value ALl of alasML| degall -2

(2 e 3l o) aasMll cllal
XltX2¢X3 wEw wEw www wEm oE ow w Xn

Laazigt slall tasdl(Wgaill o) dmpmmiall Lmililly A el Zomgdill i Gyl (s :Error 3lall Uil -3
Logall (o ST of U8 2w el Aegdil] S Lo 13) Gnes ¢ Lizgo pl (o asd! S13) Lo easingald 3,L3L

Azl

4 50539 Ao o Bz 90 sl 0985 0o Siang Ao Asily Auiioed] Aagdll (e Y 92 sl hyasg

E 3l
Absolute error = experimental result — true result

Error = E = dagall aall — il s = — X

Bllall Taiell Gl (Ko 458 ¢ 8.22 % i Areresal] Amiall Laisy 7.88 % ol Lo Julowt) Aals e Ll 13] Sltad
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sl 3LL% = 7.88%-8.22% = —-0.34%

Al Ll e Glall lhsdl desd (e 2l 2asal Lgil) 4uill 5a Relative error guudll Uazl| -4
Lagind) Lesally Blall o) o Lewd)) 4l Lyl — Cyang gllall Tasdl e Ul e 0¥ AT pang

100 § Lgyan
, Absolute errortrue
relative error = * 100%
true value
albdiits
Relative error = —— x 100
ddaxn)| dagdll

E
Relative error = E x 100

i LS gl sl Gl (e @l JULI 309
-0.34
8.22
o Uguall gl 4aind] dagdll e B yzedl] Al Lol Lol iams @1 Aol 2] (£ sdudll 25001 -5
ASY e 5 Aaall Ao s Bole g e 100 % gy i Al 0395 oo e ¢ uSall

relative error = *100% = —4.1%

_ True value
relative accuracy = - *100%
Experimental value
Or
, experimental value
relative accuracy = *100%
true value
il e Jazid  oMed Alall (e a3 Gudas (Sang
. 7.88
relative accuracy = 577" 100% = 95.9%
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Relative error = —— x 100
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_ E 0.05
Relative error = — X 100 = —— x 100 = 1.59%
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Loyl e ulall Bl &gl 4udll Ji, ¢ Relative Standard deviation  gudl! gwledll Bli¥1-11
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S
RSD = —

x
MY Jalaey L o9 the percent Relative Standard deviation  gsil| qudd! qwledll 3|y

+ il hlazsl L 5059 coefficient of variation

CV% RSD%

45Y1 Lualiy)) AMally Jaas

S
CV% = RSD % = —x100%

X
ozl 3 LS bl oK oo die § poliopll #4855 wus gl 1l
0.752 0.756 0.752 0.751 0.760 ppm Pb
Fogllally

! lasogall cases! =1
_R.xij 0.752 + 056 40.75¢ +8.751 + 0.760 ™%3.771

- = = (.7542
£ a 5 5

~ (.754 ppm Pb

(ebead! ) Gluall Cilymi¥ cosen| =2
. - N2
Yxi— %)
S=8d= 2
n-—1
S/ j(0.752 —0.7542)2 + (0.756 — 0.7542)2 + (0.752 — 0.7542)2 + (0.751 — 0.7542)2 + (0.760 — 0.7542)?
= 5-1
= 0.0038 ppm Pb
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Xmax — Xmin
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).i.gai a&_a..é Xmax Mﬂs“ xmln
Qrab pe &iylall o5 o3

Q values at different confidence levels (CL)

CL at 90% CLat 95% CLat 99%

n

3 0.941 0.970 0.994

4 0.765 0.829 0.926

5 0.642 0.710 0.821

6 0.560 0.625 0.740

7 0.507 0.568 0.680

8 0.468 0.526 0.634

9 0.437 0.493 0.598

10 0.412 0.466 0.568
Wgude Qex < Q tab
Logdya Qex = Q tab
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G _ | Xmax — x_l
max S

_ |xmin - x—l

Gmin = T

Where:

Gmax 1S used if the observation is greater than the mean
Gmin 1S used if it is less than the mean
where Xpqx 0T Xmin LS the extreme observation value.
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1q: The observation is dif ferent than the sample population.

1155
4 3 1425 1463 1492
5 4 1602 1672 1749
el @ 5 1729 1822 1944
7 6 1828 1938 2097
8 7 1.909 2032 2221
. 0 8 1977 2110 2323
{- 10 9 2036 2176 2410
1 10 2088 2234 2485
12 1 2134 2285 2550
13 12 2175 2331 2607
14 13 2213 2371 2659
15 14 2247 2409 2705
16 15 2279 2443 2747
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17 16 2.309 2475 2.785
18 17 2335 2.504 2.821
19 18 2.361 2.532 2.854
20 19 2.385 2.557 884
21 20 2.408 2.580 2912
22 21 2.429 2.603 2939
23 22 2.448 2.624 2.963
24 23 2.467 2,644 2.987
25 24 2.486 2.663 3.009
26 25 2.502 2,681 3.029
27 26 2.519 2.698 3.049
28 27 2.534 2.714 3.068
29 28 2.549 2.730 3.085
30 29 2.563 2.745 3103
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S % 1 % 0,1 % S % 1 % 0.1 %
o’ .15 2,02 1.83 2,83 2. 80 2.80
6 2,28 2,15 1,83 3,16 3,16 3,10
7 2,40 2,26 1.87 3,46 3,46 3,34
5 2.50 2,35 1.87 3,74 3.74 3.54
9 2,59 2.44 1.90 4,00 4 .00 372
10 2,67 251 1.90) 4,24 4,24 3.88
11 2.74 2,58 1,92 4,47 4,01 3.80
12 2.80 2.64 1.92 4 .69 4,13 3.901
13 2.86 2,70 1.93 4,90 4.24 4,00
i4 2.92 2,75 1,93 5.10 4.34 4 09
15 297 2.80 1.94 5,29 4 44 4.17
16 3,01 2,84 1,94 548 4.52 4,24
17 3,06 2.88 1,94 5.66 £ 60 4. 31
18 3.10 2.92 1,94 5.83 467 4 37
19 3,14 2,96 1.95 6,00 4. 74 4,43
20 3,18 2,99 1,95 6,16 4,80 4.49
25 3.34 3.15 1,96 6,93 5,06 4.71
30 3,47 o LA ¢ 1,97 T.62 5,26 4.89
35 3.58 3.38 1,97 8.25 542 5.04
40 3.67 3.47 1,98 8.83 5,56 5.16
45 3.75 3.55 1,98 038 5,67 5.26
50 3,83 3.62 1,98 S.90 STF 5.35
55 3,90 3,69 1,98 10,39 5,86 5.43
60 3.96 3.75 1,98 10.86 5,94 5.51
65 4,01 3,80 1,98 11.31 6.01 S5.57
T0 4,06 3,85 1,99 11.75 607 5.63
75 4,11 3,90 1,99 12,17 6,13 5.68
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85 4.20 399 1,99 12.96 6.23 5.78
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a5 427 4,06 1,99 13,71 6.32 5.86
100 4,31 4. 10 1,99 14,07 6,36 5,90
150 4.59 4 38 1,99 17.26 6.64 6,18
200 4,78 4,59 2,00 19,95 6.84 6,39
500 537 513 2,00 31,59 7.42 6.94

e WWW.MANARA.EDU.SY

ﬁ“ﬂ Lall 2l ) G +9630412016

https://manara.edu.sy/



e ‘>:\V R ay

T % dool A Uaall 405
o) dalad e SyL_all

Sluds pis

2 @M}ww‘bu‘wb}aﬂybﬁkﬁéﬂub%dﬂ

S G - ‘|
alall Uadl = el 2841 - 281 — deall : o0 NS ipe

LI @l de blas due § (oled] juuas e 100l

Ug/LAuiB#=1 964185 ( 89 | 95 [ 91 | @5 | 90 [ 85 | 85 | 105

: ugllally
(bl Jaogill ol =1
(elell ) Goleall colymi¥) Casen| =2
el Syleall Caly¥) s =3

ETCLUR O [P U O O

(N
M 30 J

) WWW.MANARA.EDU.SY
Sal) ask) il QS +9630412016

https://manara.edu.sy/



" IZ § kel daaly

o ] dool & Advall 4l
) Jilad e &)L_al

fNES|

Cppm 113 1.03 1.07 1.7 1.09

§ %90 4a5 Syiua s elld Citatel i€ 738 las daud uzgy o Amadill o by T e -1

n 3 4 5 6 7 8 91 10

Qrab| 094 0.76| 0.64| 056 0.51| 047 | 044 | 0.4

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

J| WWW.MANARA.EDU.SY

@ syal) pbl ) Jels 19630412016

https://manara.edu.sy/




43l D 3_ial) Anals

- “ dool a Uuall 45
o) dlad e SyG_al

PH &2y (ulidy 15al8 a0y ,Sall Aalyoty Aol LS § Aagly ) Aidl O a8 Ls Ayl 385 s sl ¢ 0y
Al bl Ol Jael clie sl

403| 415 399( 395 395| 398 39 4.3 41| 395| 4.23

48 Jlre wis abguall tuo (o @bl e @SxieasS pH=3.95 @l3 088 8 paxs clipall o cule 13] -2
%95

..........................................................................................

...............................................

Jas) WWW.MANARA.EDU.SY

@ ) pd) il Juld +9630412016

https://manara.edu.sy/




5 ialf Anala

Aaal) 4K

o s e Syt et

2leasS 9y 3hall e Blee ciligdas: Ll Jiaall
Determination of water by the Karl Fischer method 448 J)€ 8julan plazezuly(@gh )l cla) Wl (b
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sulfur dioxide xSl auSt s -
iodine 3¢l -
pyridine anhydrousélnSUI orkandl -
sl Jgiliddle

* Reagent for KF titration needs:
- iodine

sulfur dioxide

base — provide intermediate product

solvent (alcohol)

* Base = speed, stability, buffering
* Solvent = reactivity, end-point indication, shelf life
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WATER BY KARL FISCHER

chemicaily react with water.

mnmmh dilutod with a mixed
amount of titrant used is ..
converted to the result in % or

ppm (parts por million).
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Determination of water by the Karl Fischer method

The titrimetric determination of water by the Karl Fischer method depends on the reaction that takes place
quantitatively between water and a reagent consisting of sulfur dioxide and iodine in anhydrous pyridine and
usually methanol. The reaction is carried out in a suitable solvent such as methanol or acetic acid. The reagents
and solutions used in the determination of water by this method are sensitive to water and precautions must be
taken throughout to prevent exposure to atmospheric moisture.

The titration vessel is fitted with two platinum electrodes, a gas inlet tube if needed, a stopper, which
accommodates the burette tip, and a vent tube protected by a desiccant. The substance to be titrated is introduced
through an inlet tube or side-arm, which can be closed by an airtight stopper. The Karl Fischer reagent TS is
protected from light and stored in a bottle into which is fitted an automatic burette. The reagent is pumped into
the burette by means of a hand bellows, the access of moisture being prevented by a suitable arrangement of
desiccant tubes. Stirring is accomplished magnetically or by means of a stream of suitably dried nitrogen passed
through the solution during the titration. The end-point is obtained by using an electrical circuit composed of a
microammeter, platinum electrodes, and a 1.5-V or 2-V battery connected across a variable resistance of about
2000 . The resistance is adjusted so that an initial current passes through the platinum electrodes in series with
a microammeter. After each addition of reagent, the pointer of the microammeter is deflected but quickly returns
to its original position. At the end of the reaction a deflection is obtained that persists for 10-15 seconds.
Alternatively, the end-point can also be determined by a voltametric method. A potential difference of 30-50 mV
is applied to the platinum electrodes to serve as a constant polarizing current and the solution is titrated with the
reagent. The potential difference is monitored by means of a microvoltmeter. The end-point is reached when the

voltmeter indicates a stable decrease of voltage. In the voltametric method the end-point may also be obtained
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graphically by plotting the voltage versus the volume of the reagent, and establishing the beginning of the drop in

potential. Recommended procedure.

Direct titration (Method A)

Add about 20 mL of dehydrated methanol R, unless otherwise specified in the monograph, to the titration vessel
and titrate to the end-point with Karl Fischer reagent TS. Quickly transfer the specified quantity of substance,
accurately weighed, to the titration vessel. Stir for 1 minute and titrate again to the end-point with Karl Fischer
reagent TS.

Back titration (Method B)

Add about 10 mL of dehydrated methanol R, unless otherwise specified in the monograph, to the titration vessel
and titrate to the end-point with Karl Fischer reagent TS. Quickly transfer the specified quantity of substance,
accurately weighed, to the titration vessel, followed by an accurately measured amount of Karl Fischer reagent TS,
sufficient to give an excess of about 1 mL. Allow to stand protected from light for 1 minute or the time specified in
the monograph, stirring from time to time.

Titrate the excess of Karl Fischer reagent TS to the end-point with dehydrated methanol R, to which has been
added an

accurately known amount of water, usually equivalent to about 2.5 mg/mlL.

Determination of water by the Karl Fischer method

The International Pharmacopoeia- Ninth Edition, 2019 2.8 Determination of water by the Karl Fischer method
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With weak acids and bases, proton addition or donation is influenced by the pH of the medium. The

ionization of weak acids follows the Henderson-Hasselbalch equation:

pH = pK + log [Base]/[Acid]

Where: [Base] = Base form (or salt of acid form) of acid/base pair

[Acid] = Acid form of acid/base pair
pH =-log [H+]
pKa =-logKy

The pKj is the negative log of the ionization constant for the Bronsted acid. Examination of the Henderson-

Hasselbalch equation leads to further understanding of the term pK.

Glasselectrode  Reference electrode Combined electrode

Agwi Agwi —Ag wires
wire wire ted
|/ coated L/ coated Wf&a AgOl
with AgCl with AgCl
/0.1 M HCl
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Preparation of Phosphate Buffer :Using the Henderson-Hasselbalch equation and pKj values listed in

Table 1, calculate the amount of acid and conjugate base that one must use to prepare 50 mL of 50 mM

phosphate buffer at pH 7.0. Obtain Na phosphate (mono- and dibasic, i.e., NaH,PO, and Na,HPO,) from you

instructor and prepare 50 mL of buffer. Remember, the formula weights should be listed on the reagent bottle for

each. After calibrating the pH meter to pH 7, determine the pH of your phosphate buffer. Then dilute your buffer

with 30 mL of water, disturb your buffer and measure the pH again. Expect what will happen and explain why.

Discuss buffer preparation and agreement between the calculated and the measured pH values.

Table :. pK; values for some acid components of common biological buffers.

Name pKy Name pKy
Phosphoric acid 2.12 (pK; 1) MOPS 7.20
Citric acid 3.06 (pK,1) Phosphoricacid 6.91 (pK;2)
Formic acid 3.75 TES 7.50
Succinic acid 3.06 (pK,1) HEPES 755
Citric acid 4.74 (pK,2) HEPPS 8.00
Acetic acid 4.76 Tricine 8.15
Citric acid 5.40 (pK,3) Glycine amide (HCI) 8.20
Succinic acid 5.57 (pK;2) Tris 8.30
MES 6.15 Bicine 8.35
ADA 6.60 Glycylglycine 8.40
Bis-Tris Propane 6.80 Boric acid 9.24
PIPES 6.80 CHES 9.50
Imidazole 7.00 Phosphoric acid 12.32 (pK,3)
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