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3t 2 S8
Alf(Reagent) (Quantity) | Bzl = HA| Are orH
=8 1
o ) 7} 200 mg small screw neck vial | 2 4.
- — 1
2,4-Dinitrophenylhydrazine 5 vials (RFS H10| ) dinitrophenylhydrazine H228, H302
Sulfuric acid, concentrated 2t 1 mL Plastic tube with screw
(FIh & Ah 2 tubes neck @2} AE| £ 1) H,SO, concentrated H314
Aldehyde solution 1 mmol in ethanol g&;}l‘efg;ago%llaess'
(1 mmol2LH|3|EE of|EF2 0 =0 Zt 4 mL, o o Aldehyde 1 and H319 and
2 bottl (30 mLZ2 R 2| Aldehyde 2 H302
201) ottles
! )
hanol - 30 mL. glass-stoppered bottle Ethanol Ho25
Ethanol 0| El m thano
A= (821 o) )
NaOH solution (used in problems 1
and 2) 60 mL glass-stoppered
bottl
(NaOH%89 (25 12t 25 20 |27 ML o NaOH 2M H314
. (60 mLR2| Ot} &)
A-&2h)
amber glass screw neck
Acetone QHA| E) 30 mL vial (2 72 Acetone Eggg H319,
HHO| )
=H 2
EDTA, 0.0443M* standard solution 2o mL %cz)?tleml_ glass—stopperedEDTA 0.05M Ha10
m .
*IT < QOH
(EDTA, 0.0443M* 7= SN (125 mL22| Op7)f )
HCI, 0.0535M* standard solution 2o mL %cz)?tleml_ glass—stopperedHCl 314 H335
m
*IT < QOH !
(HCI, 0.0535M* 7 = S (125 mL22| Op7)f )
Methyl orange, 0.1% in water — dropping bottle Methvi H301
(02 %], 0.1 %48 m (RIAIS} B) eyl orange
Murexide indicator, in 10 mL
solid mix with NaCl (1:250 by mass) bottl )
MurexideX| A| ¢ ottle small screw neck vial _
( =1 (10 le:c‘:! (&F% HI‘Ol%) Murexide
NaClit 418 I8 B8 (FYH | oy
1:250)) -
Sample of water 00 0.5 L plastic can |
(2 A|D) 500 mL (0.5 L=3}AE 27)) Water sample
=H 3
Poly(vinyl) alcohol F amber glass screw neck
= oyl oF 52 ZaomL, o ol g P1, P2, P3, P4 and X
(Ze2|(HE) ¢223) 5 vials vial (2 R &7])
2E ZHAM AMEEE A
Distilled water 500 mL Plastic wash bottle HO
584 " (BatAE 7)) i
To be shared by students, on the common table (32 E|0|20|M &4 AI25t= Z)
Sodium hyd bonat 800 mL 800 mL beaker NaHC
odium hydrocarbonate m (800 mLH|) aHCG;
*87| 2hdof M3l s = oiEFx el gho|ct Fetet g2 2ofl FOo{X ULt




7|t ZX

Item (22 Quantity
)

On every working place (ZHQ! 2O A= EF

5 mL Plastic tube with screw neck labeled “1” wytbur student code 1

(SHY BT &3, 1" 0|2t D BA|E 5 mLERIAE £ 1)

5 mL Plastic tube with screw neck labeled “2” wytbur student code 1

(814 M7t HS UM, 2" 240 BAIE 5 mLBEIAE £1)

Lab stand £ EHE)

50 mL beaker (50 miH|#)

25 mL beaker (25 mi|#)

25 or 50 mL beaker (2% = 50 mLH|#{)

Magnetic stirrer £}44 mBt7])

Stirring bar (@ 2FAtAY)

Glass filter @22 E H)

Adapter ({ 21 E)

50 mL round bottom flask (50 mg 2 HIEf E2tAF)

Water-jet pump & =)

2 mL pipette (2 mLI|Zil)

5 mL pipette (5 mLIZ|Zl)

Pipette filler @| = 2 &)

Spatula & I{EE})

500 mL plastic washer bottle (500 &2t A El 4 7| H)

800 mL beaker for wast@{7| =& 800 mLH|7)

10 mL measuring cylinder (10 nml| A A 21 )

Filter paper, round@ & Of 1tX])

Scissors 7+$)

Filter paper ¢ 1} X])

Glass rod & 2| 2+CH)

pH indicator papers (in a zipper-bag) (PHA| 2F ZSO|(X|IHEH LYYl RS

)

Viscometer = A))

Stop-watch & & 2t X|)

30 mL rubber bulb (30 ml1 2 #H H)

Ruler (X}

Marker @}#)

25 mL burette (25 mi-2ll)

25 mL pipette (25 ml| Zil)

R R R R R R R W R N R N R R R N RN N R R R N N R R NN R




Plastic funnel E2tA El 2ZHI{ 7|)

pH scale (in zipper bag) (pB| (X T 2tof 912))

Erlenmeyer flask#Zt E2tAF) 2

Test strips for determining total dissolved solidsitent in zipper bag 1

(BolE M ST 2YS 9/ test strip K| 2H0f| R/F))

Paper tissues (on the corner of each table, thdred between 3 students) 1 package

(50| E|lfr, Z4 HO| 50| =0 AN S5 AFES)

Plastic basket® 2t A El HF A7) 1

Graph paper® -+ Z0|) 4 sheets
1

On thetablesfor thecommon use (S & HO| 20| Y= EF)

Filter paper, round® & Of 1t X|)

Filter paper ¢ 1} X|)

Gloves &)

Balances {{2)

Bottle labeled “HO dist.” (‘H.O dist’2 HEA|El S5+ H)

Thermometer immersed in8 (80| &7 2= A)

Measuring cylinder 100 mL (100 nib| A A 2IH)

pH-meter (pHO| E{)

“OJX| 7L ER5HH & HIOIS0M 7t E & AL




2 o8 | 1| 2| 3| 4| 5| =H
= st KOR1
1 Mz | 3515 1 3 35 44
2X| 1. 2,4-dinitrophenylhydrazones(2,4-C}O|L| E 2 1| Y 6} 0| E2}E) Q| sH/d
(540H 513 73)
Hydrozone(5}0| E2}E)2 imine(0|Tl) A EQ| atEEA|, EtA-HA O|5AE 0
oot A X Ha-EHaA HEEE A= 2ebESO0|CE NH; 7F U=
hydrazine(StO|E2tZN)0] MGt UM YOS|E Es= HEL UHSS5HH
hydrazone O| St =ICt ZtEY 2tgt=2| hydrazone SEN&= HEE M-S,
478d0| en, ojf ot Mz M= 1Ao7 20 YOsleE X A=ES
soIst=0| AFRE| D QICH
0| 2Xl= 2,4-dinitrophenylhydrazine?| B2 MMES {5 F Z&Eo
X E| 8| =2 golshs Agolc
o\ o\
CH
O/ ’
(o]
OH H3C/
<Adgaprg>
(7h 2,4-dinitrophenylhydrazones | gt/
Fo|: F /o Y A= SA0 RASHA| =Lt HES SA0 TASHH
HIZH7F ApA 7|0 B MM BhE 20| =42 = ULt
50 mL H|ZHO| LWEXpM(stiring bang 4d=Ch AHMEN HZAE =5TYS
ArE3SH0l  HIAHE  ArAWEZ] 2o 7gStCh HRO|He| L E=(2.4-
dinitrophenylhydrazine 200 mg)2 H|7H0| Y1, =MAZEA HLE A|RfSHCt
HIEA] AgZXEnrt B oM, Toh 24 A|=R(1 mDE H[FHO| ZAAEA
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ﬂx." —E—%" 1 2 3 4 5 %‘E
= S S KORL
1 Mz | 3515 1 3 35 44
CHE LHIS| =0 CHSH S M S HhEgStrt.
ZEgAE EEH1 ZCAE EH 2
H EH X2k (mass of empty tube) H EH X2k (mass of empty tube)
mg mg
dHd=0| H R 2T (mass of tube | Wd=0| 7l FE HE I (mass of

with product) mg

AH
o

0x

= & & (mass of product)
mg

tube with product)

Al A4
(eNe]

mg

mg

= & 2F (mass of product)

Lab assistant’s signature(&

1.1. 24-dinitrophenylhydrazingl & 8




a5 os | 1| 2| 3| 4| 5| ==

= SIS KOR1L

1 M 35|15 1 3 35 44
1.2. 2|9 Hydrozone 38tE0|A OH SF9| K| O|HdE SHAMO|(ZA| /ULCHH)

tset7t? oS AL EAISHEL

[1R/S L1 E/Z [1 threo/erythro [ manno/gluco 1 D/L

2.1. 2,4-dinitrophenylhydrazong ¢S [ SpAtO] Aate Boi017}1? S AFXLO)|

HA|S|E}.

O
orl
0

2k A| 2F(stoichiometric reagent)
(1 =0} (catalyst)
[0 =2l x| (reducing agent)

_L

[ At} A| (oxidizing agent)

22. AtoF S ZANNM fl9 gdE sASLE g HE0= oot Hatt
UAS? 5l e A0l #EA[S}E}

[0 3 A Z7}stCH(highly increase)

[0 2k7+ Z7}SHCH(slightly increase)

[0 H3ISHA| &F=CH(not change)

[0 0§ & =2|A| TI=HistCl(the reaction would proceed slowly)

of
H 2} SHX| @8- =CH(not change)

H-S 0| X £| K| @=L} (the reaction would not proceed)
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35|15 1 3 35 44

FFOIA ("AOER EFE AR 25 mL H|FOf SHLEY B2

— o o
%, 2t H7{0] OHMES 10 mL % QiCh of W 5 HIHo| Mo| watol:,
zbl-

— =
MO ZERE-ES FE)7t U Z0| Mo AME P2 4 Ut
H7{0) NaHCO; 89 5 mL & H7tsh 3, Ra|2itjo| YE L22 242 ALt

OO B|HOM = 842 MO| #HSHX| Gi=LCt
(The color does not change in either beaker)

U & BAUNM L5 o] 2 M BHat7t QO Lt
(Color changes significantly in both beakers)

L StLte| BIZH O 2E 0] 2 M Btoh QO HIt
(Color changes significantly only in one beaker)

s

31 28H ¢

-
|9 E AFESHY

40 n>
(]

w

2. AU M Ho} 2 ZIME oS A0 EA[SEL

OO B|HOM = 842 MO| #HSHX| Gi=LCt
(The color does not change in either beaker)

O & HAAUNM L5 0] 2 M Hal o) Q0o Lt
(Color changes significantly in both beakers)

L StLte| BIZH O 2E 0] 2 M Btoh QO HIt
(Color changes significantly only in one beaker)

10
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=
Ho
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N
w
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(6)]
Oft
oz

1 Mz [ 35|15 1 | 3| 35 44
41 d4d9=9 ofifet FxH2 =4 ME0, NaHCO; EAuto| EHSO0AM A0

O &I 22[0f A= 4-OMeXt-E 7

(presence of MeO group at position 4 in the benzenp
O #iIH 12|0f 9= 3-OMeXHE 7|

(presence of MeO group at position 3 in the benzeng
O &3 D2|0f Qe 4-OHEHE 7|

(presence of the OH group at position 4 in the beazing)
ORI 220 A= OMe 2 OH 2| & 218 7|

(presence of both MeO and OH groups)

4.2. 2,4-dinitrophenylhydrazoned NaOH =8H S HtSA|Z7|H A HFT} O LtLC},
of 7]0f S o= S = Ofef & AFojA| 41 ERSEEL.

0Q
N

==l 9t3 (alkaline hydrolysis)

c ox
d

um
rc
oo oo

02 H

(dehydration)
(hydration)

H

—

O o o g o
UL LY

1>
P ox
>

tot

S (deprotonation)
o
o

r

(dehydrogenation)

11



= 5 25 | 1 2 3 4 5
= stMHES KOR1
1 Mz | 35|15] 1 3| 35
43. A B2=2Ql HHOM EXdt= T2 F7| 2atEel & ot2fe| siE Xt
2k 142t
5 ™ 25| = (Initial Aldehyde) 5 ™ 2H|S| = (Initial Aldehyde)
O\ O\
CH
O/ ’
(@]
OH H3C/
NaHCO, & X 2| =

NaHCQ, 8 X2| &

NaOHE % X{z| & NaOHZ 2| &

12



ﬂx." —E—%" 1 2 3 4 5 %)SE
= ShME S KOR1
1 Mz [ 35(15] 1 3 35 44
ZZfol 1= orefiofl #iz 1 = 25 7| @5tE & 7HA| hydrazondd| CH5HY HES
2= 44 ALtstket
O\ O\
CH
O/ ’
o
OH H3C/
H: Ho:
= ALk = ALk
AO.
TE.
Hz 1 %
Hz 2 %
Replacement or extra chemicalLab assistant signature Penalty
(R £ 7t A1) CEERE) (H7)

13




=y o os | 1|23 4|5|6|7|8|9]|=A
- St S _KOR1
2 M | 2705|2504 8 1] 9| 79

2H 2. g% =29 Langelier Saturation Index(Ll) 2™ (540 H & 12 )
Langelier Saturation Index(Ll) /2 Q3% = £A QL Qf EMtZIEO| 8 t= A
OiE ZBICL TOF LI 30| 00 7I7HR®, B2 "R &Sl Ago|ch THof LI ol
U=0|H, 20| EtMZE0| HHE= d0| A0 Eli(scale)? & EICt THF LI
20| 20|H, 22 FA4H8E 7Y EtE a2 =2 EICh U 42 7 10 U= =2
U2 Y OHZ Ae=282H Fe 5= UL
LI=pH+FT+FD+FA-FTDS
T N T
Aggressive water Danger of Acceptable Excellent Acceptable Danger of scaling Formation of scale
causing corrosion corrosion balance balance balance and deposits and deposits
of metallic parts etc
pH : pH gt
FT: e QIX} (Temperature factor)
FD: zi& A OIX} (Calcium hardness (CH) factor)
FA: = at7l2| £ QIX} (Total alkalinity (TA) factor)
FTDS: g3j= 18| Z2F QIX} (Total dissolved solids (TDS) factor)
# 1 Sc(2tetd gt ofF QIX; g
= I = &3l A
Zr2e AL S = >
°% () L A Ca((g)') FD (TA) FA | == (tps) | FTDS
9 (mg/L CaCQ) (mg/L NacCl)
0.0 5 0.3 5 0.7 0 12.0
0.1 25 1.0 25 1.4 - -
0.2 50 1.3 50 1.7 1000 12.1
12 0.3 75 15 75 1.9 - -
16 0.4 100 1.6 100 2.0 2000 12.2
19 0.5 150 1.8 125 2.1 - -
24 0.6 200 1.9 150 2.7 3000 12.25
29 0.7 250 2.0 200 2.3 - -
34 0.8 300 2.1 300 2.9 4000 12.3
41 0.9 400 2.2 400 2.6 - -
53 1.0 600 2.35 800 2.9 5000 12.35
- - 800 2.5 1000 3.0 - -
- - 1000 2.6 - - 6000 12.4|

14
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Opt

kal

0
=
Ho

oA
>

271 0|5 |125(0(4] 8 |19 79

of dd0M= FOIT & Alzo| U @2 7#¢ AO|Ch Bk= CaCO; s&(mg/L)=2
HA|SCE F YZi2| T (alkalinity)= carbonate?} hydrocarbonate HZF0| O|5|
A™ L= At Eh2f(acid equivalent)0|H, CaCO; sE=(mg/L)E HA|SHCE ESiE 10X
E2HTDS)2 NaCl 5= (mg/L)Z HA|SHC

<g¢d ag>

(7H Z= ZA&X(Calcium hardness)= EDTA (NayH,Y) ™Mo =2 ZAMSICE O] AH2
O 14& O|=2| Feka Z|Azst7| s ot H7)d XA =Hotct B F7(4d
oS MIIste B CaCOs 7t HME|X| REZ, ZA| BE|0F BHCh
1.1. Na,H,YE Hd5l= ¢ YojLi= gh34l2 Ho2t

Zes s Z478%= e 0y
a) HZ=Elof 0.0443 M EDTA Ex=8M S D =C}
b) HmZZ 0[&35I0] ¢fZt E2tA30| F A2 8H 20 mL & =Lt
¢ 10-mL HAAZIHE 0|250 2 M NaOH 8 3mL £ E=C}.

2 =Lt

=
d AI|EZIE 0|30 E=MO| £510| LIEFLIEE murexide X|A|2FE
= A|ZSiCE 0| 23 Mo EetAo =z E [Ij77HK|

EDTAZ X H3lLCt,

15




pAl
Ko

79

2510 4

5

271 0

-

100
i[d

o T

& A

KOR1

1o
7

==

SHA
=l

H

=
[L

N

ol
~

¥

ol

12. # 2

1of
ko
%0
Rrr

O

=

— — m

- e H__l

_/M 7M RO

RN K |Z

Rr ¥4 a =

;! BN i) KO

il I | OF | &T

H 4 0

£ At

2. = AR AX(mg/L CaCOs)

SE
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klo

79

5
2510 4

3
5

1
271 0

-

100
i[d

o T

& A

KOR1

ZWO|A 22l5tat)

=
[

C

0 A= pH OIS &Otef. (5

i

= A& 70-90 mL

a)

u

b) pH-O|H 2= FF5 ALt (5

0
KH

e
ojnu

= #ct

2 0f pH-O|H

=
=

d) ON/OFF A2[X]

e) pH-OHE 53

7R Z|Iefelch 1 & old

3

k=)
o=

o

Of

7|CtE| X R5=C)

Ul

h) pHOIHE 11, /7S 0|&850 pH-O/H

Ol Al =Ct.)

FA

A

(ZICt2l=

3.1.pH ¢t= &8 72 40| H=Ct

oI5t

—e

2 £4) &

7t? AL

=
[

P

xS

Of 7t& EO| &

S of HERO| Bt B

3.2. = AR

XHof| EA|StEL.

<0

-t

10
10
ojn
kfo

==
w
Xl

<

| 32| Ak Ky = 45x107: K, = 4.8 x 1071,

o|. EFAto

~
T

[] Carbonate [] Hydrogen carbonatel ] Carbonic acid

17



pAl
Ko

Ei 2

79

[ex |
S)

H,COs

=

=

ANE

=
=

25 (0| 4
|5H

o

°
0 o|c}. AlZ

5

—

—

AHESIH, pH 45 ZAO0|A ZHAO|A

sor230] &

7ot

2=

27 1 0
=
A

=

AFZE
(|

-

100
i[d

M
Ztd|

o]
5l

KO

OLFt
=

—=
NS

|

0.0535 M HCIE & o 2 x| 2L},
=

=
<)

KOR1
[ 77} K|

A2
1=

N

St 50.0 mL

gl ZA.
ICh XA|Z¥o2 HEQ

4

[=

b
_Q__I_

=
o

Q

Z

ot
=
[}
—

=

= 0
(<]

=
(=)

A
o
|

|

]

) o
X

(CH)

850

3.3. & A &2} HCI

b

18

FEl 2F AU (mL)




pAl
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79

5
2510 4

3
5

1
271 0

-

100
i[d

o T

bS5 [

KOR1

B 40 Mt

7 9

2z | =(mg/L CaCO3)E ALtoteh At 21E =H|

klo

4.2.

0
=

—_

<d

T EN 79 E 40 MLt

KIr

19



=5 o o5 | 1| 2|3 4|5|6]|7 9 | =X
= St S KOR1
2 Max [27]0|5|25|0|4] 8 9 | 79

6. Test strip2 0|23l0] & A|=Z2| TDS ZA™S}7|.
a) H[AHO| &f 3 cm =0[|TE & AEF X{2LC} Strip & =0 2Lt Strip #0] /A=
2O 7 UK O BX| REE ZO|SIC}
b) =2t |7} b3 ZAMo| 2 W7tX| 3-4 2 M= J|Chalct. ot 1&ap 20|
Ta= Acth a2 258 AW A2|7HK] 8i=C
c) 912 #f(reading)S 7| &o}tel
d Ctg 18 2EZ0 A= HE 0|850 TDS &= (NaCl, mg/L)Z %O}z
e) NaCl s=& &KX 72| &# 40| &=L}
olo Zt NaCl
== conc.
(Reading) (mg/L)
! B | 3 1.4 360
:-'_. = Yellow band htl‘Uk]O' ll\_:c _VE 1.6 370
il - 1.8 420
—8 = 2.0 430
= B 2.2 470
= ~ 4 min 2.4 530
@_ 2.6 590
P s 2.8 660
= eading
water level E i ! 3.0 730
= _| = 3.2 800
E = 3.4 880
: =Sr= 3.6 960
== i 3.8 1050
1 Water 4.0 1140
4.2 1240
4.4 1340
4.6 1450
4.8 1570
50 1700
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ax 98| 1| 2|(3|4|5]|6 =F
=4 S S KOR1
2 Mz | 27|0|5|25|0]4 79
7.3 49 Wzks B Aejeh LIE ARtehal Ads i 4ol Aojeh IAb g
i =4 A 7EA A et
Ak 2

(mg/L CaCQ)

(mg/L CaCQ)

TDS
(mg/L NaC)

FD

FA

FTDS

21




0%

1,23, 4|56 78| 9| =xH

Mo
=
Mo

_|ok

-

rE

= _KOR1

oA
>

271 0|5 |125(0(4] 8 |19 79

O|2 £X. € &+ 27 (Water balance correction)

2l L1 40| 001 A BO| B0t ZR0lE LIS 00| El=E ZTAIHOF St 2ol
MENY 2ME +EN 20| MBEAC JPPBICL 1 24 20t Chga 2ok

= T3O
CH = 550 mgl/L, FD =2.31, TA = 180 mg/L,
FA=2.26, t° = 24°C, F¥ 0.6;

TDS = 1000 mg/L , FTDS = 12.1, pH.9, LI =0.97.

6742 200 mL +¥% 2 AE7t QUCh Ztzo| 2 AIR0| 00100 M A% 8%
(NaHCOs;, NaOH, NaHSO, CaCl,, EDTA (NayH,Y), HCl) & 3ot ZtX|& 10 mL
H7tsteict

8. NaHSO,& H7tot= &% CaS040| HTE=X| 6|75 2F5}zat

F9|: CaSO,4 3l & == 5x 10~ O|Ct 9| Bt
AL 7Hg otC}.

olo
rulu
ni
N
=2
10
rot
N
Q
O
9
r_L
rlo

NP
=

At 244

@S Al 3EAlskeE) YesO  NoO
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HOo
0%
=
N
N
o
o
N

= H|

1o
0=
rE
fot
A
@)
Py
=

ox
>
N
\]
o
()]
N
ol
o
N
(o]

9. 8ol & Alg  ZHZ0f of2ff A|%E HIMSH= B
HO| HA[SFE} (AKX} 2LO| S7}5t
EA|SE}).

=
+
£y
o
oy
k>
el
2 Ho
rt
for
N

H5

A ek pH FA FD FTDS

NaHCG,

NaOH

NaHSQ

CaC},

NayH,Y

HCI

Replacement or extra chemicalsab assistant signature Penalty
(M| EE= 71 A9} (M =0 MY) (28)
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o N N 231 1]2|3 4 5|6 7 8| 9 =X
3 Sevle KORl M4 | 3|2/ 0] 275 0195/ 4| 1| 64
273 HYE M2 0|23 EX1Y ZH (F40H S 15%)
M2 SE0 tiet Mgs ddx(Viscosity2t 1l othf. Sf2 2E S S 2= AL
£HE 54510, ddEE 7 = ULh 22X X 57t SIGHEH HEEE
Sttt DAt s=7F 280t 49, A Ater 80z 80| S7SHH D A7r
B =& 7HXA =0 §d =71 3715 E T
Fio oAt 840 L7t ool et 2Ot 7E5HH, DE AL 8Ao| 2ttt HEE
A= (reduced viscosityeq)= CHS 1 20| Ho| =IC},
_t-t
Mg tOC [mL/g]

O7|M ¢ (g/mL)y= DAt 8UO| SLO|1, tQf to= 22 NEAL U =3t 042
9= Al ZH(flow time) O| C}.

DA o it HEE A& CHS2f ALt 20| S 0f 2fETHT.

,7red (C) :[/7]+kC

| 7| M k= O§7f B2~(mL¥g?)0| 1, [5]= 0S8 &AM & (intrinsic viscosity (mL/g)P|Ct. 1.8
BEE [Nl S BHE A 24 s=74 0 o] & WHR] 245te et 4= QUL

£ F
de= AzAel ZAtEM)a 2P dEtol s, CHEe
| ©
=

7] =Km“

o 7|M K2} a
matA Als o
et = ULk

CoF DEXIQ 0o Z& 0 2t M| X|= Of 7} H==0]|LC}.

o
Z [n], K, a0 Ciet EHE PO M, Mark-Kuhn-HouwinkAl @ 2 2EH M &

HEH A

F9|: A E =49| CtF{OF etCH
H=AE MHE 2ol ChA HISEIX| 25=Ch T HEAIS HH 4E
ZuofA 2|0, 25 mL DSt H|HE A i AHEE 5= AL}
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Mo

|_\
N
w
N
(6)]
()]
\l
(0]
(o]
Oft
oz

=

Lo
0=
r
ot
~
@)
Py
=

w
ox
> | oot
w
N
o

275 | 5/0]195/4 | 1 64

<)
-6
N— 4
4= ° 1 2% 7| (Collection vessel)
It~ 2, 3 —E =2 (Supplementary tubing)
4 -=7 87| (Measurement vessel)
I 5-—=% 7] (Collection vessel)
= 6 —== HA|= (The match marks)
NS :
1 ; 7 — 2 M| 2k (Capillary)

a) 5T (3| £M0| HES FEAS T YNt 27 87 (0] 2HE o

50|17 sj2 DY SUTE 7h5 3 RE

b) T|TE 0| 8310{ BE2 (5 Sof £4] 8% 10 MLE +7 87| (0] Yoj2t

O I3 Waf (£ D2 Y=)B BEH (3)2 Zri7|0| R0p AN E = 87| (42 Yo
+ 5

=0, =8 7| O)IHX| =ZotA oLt A E "ot =2 M, ZAH2 (7), 58 871 (4),

— =
=8 871 60 7] LS0| 47X F=&E Folstet. 7| 20| " XS op7 (g =
UL WA Q| HL|AFH A (meniscustt ?|F =5 EA| (6)2ZFEH of 10 mme{0f A==

stat.
d) A& HX[E 00f =1 O3l Hel (Es 0 F HE)E 2352 QEFH XAl
WBH= =8 87 (VD= 22 2| 7| AEfeHD)
e) 75 AlZt(flow time)Z Z75tet: UK Q| KL AHATL 1F =5 BA| (6)2 A
=
= O

AF HX| S AIASEL, Ol % =5 BAl (6)2 A2 I &5 2tX|E HF0{2h
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25 2% (1(2/3]| 4 |5|6| 7 |8|9|=xH
= SHMHS KORL

3 M | 3(2/0| 275 | 5/0[195[4| 1 64
ME2 12At HMEE HYSHI| MO, HEAE HA =22 M HND LI SFFE
of H Mot DEX Edoz MEAHE M2 2o+ QT Ay X7 ddlgt
UX|2F O 2O FA[ZH = QUL
EotAMXHO| RE IS N2 2+ QIO Mot HA 42 7] 26 /st= It
Z7g5tz2f

[11%
0]

o>

X7 84 (0.01 g/mL, stock solutionsE50| H&aZH, & 8 P1-PAZ A
poly(vinyl alcohol) =8 0|C}. LIH X| SlLt= B &-7t= &5l =l poly(vinyl acetate)
O|Ct. O] HEE-7I+&dl=l poly(vinyl acetate®| THR{A| (unity T < 10%7t
JbROE|X| %QUCH PLP4SEY F Of Z{0| HEXOZ Jt4E)E poly(viny

acetateP| X| 2 2C}. P1-PANEXZ2| 2 A2 Of2lf &ef ZCt.

J
==

00 H A
12 rr Hr mx
Ral

CHEFS O 2 XAtE HE =
26650 P2
50850 P1
65300 P4
91900 P3
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1(2/3| 4 |56 7 8|9

Ho

=1
Mo
Oft
oA

ox
> | oot
w
N
o

275 | 5/0]195/4 | 1 64

0=
][
PN
rir
M
Ral
o
mjo
Ho
I
rir
©

oly(vinyl acetate}2 @ O| C}.
0| MHOME PI-PAZ Of= MEB0| 2E-JIE)E poly(vinyl acetate)AQIX]
DEXI| BXIZS T

1. poly(vinyl acetate®| 723l & E 5| A poly(vinyl alcohol)2 &&= HI-E A Zl (reaction
schemeg& M Z}.

B2 A Zl (Reaction scheme):

n H,0, H'

Y
+

OEXE S| AXof| EA|SI2. 2|10 poly(vinyl

—
acetateJ} 2tHS| 7t=2olE +=&At FE-7t==5lE poly(vinyl acetate)s=& 4 9|

Hd =& Hlustet. DAt At s 27 B & £ 0t 7Pg5t 2L
Poly(vinyl alcohol) []
22 - 789 =l poly(vinyl acetate) [

(partially hydrolyzed poly(vinyl acetate))

H8E ¢S Bludtker

n poly(vinyl alcohol)

[ [ —
17 partially hydrolyzed poly(vinyl acetate) (< EEE > EE: ~= _c'>—'| 01 El’)

PhE el st gt
w50 Ba
S
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klo

9
1

7
5(0/1195| 4

4
27.5

3
0

2
2

0| <k
O | %O

t2f. Ofef

-
(e}

£ H%E A

Hlru

4. P1-P44= g0 T

oju
B0
wl

P3 (91900)

P4 (65300)

P1 (50850)

P2 (26650)

—

Hlru

<

()

QEAIZ

ol

Ko
oF

—

jol
od

Al

tH

0
=

—te

<

P3(91900)

P4 (65300)

P1 (50850)

P2 (26650)

—

Hlru

<
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klo

64

1

5/ 0195/ 4
P4

27.5

0

2

P3

—

100
[}

P2

P1

: P1-PAD B XtO| XIS 1252t

5. P1-P2-P3-P4S R 2-7H=28)E poly(vinyl acetate)@ S Zat S12t0|2 FA|s}2t

=Ct.

o

o M= A S|

7|

100
<M
{0

Xt

i d|
=
W
{10
i |
<F

1h
IH

=ct SA2t0|E FEA|St2}
P4

=

=

= 270

OH A
=4
P3

I poly(vinyl alcohol) =&
P2

—_
o
—

=t
P1

o

1B A, 7t

6. Mark-Kuhn-Houwink 4! ©| Of 7{

o
-

Al

==

A

jo0d
<0

S

(6 0| A

Hlru

AH
O

0|23l M 7HS| poly(vinyl alcohol)

=
=

7. §Eg g2(7|7

o1
JoF
0.
%0
KIr
i

<

Jod

ot

F

Sl2t. Of2H

=

o]
A

A
T

!

A e

.
(@]

b

=)
=

| HIOIH & o Jaj

®)

HE2
2 HAISI0]

AH

2

7|

=

ojg AEAt

Ct

EI|-OI
- =
Z+7¢
= 1

| ClOlE &

®)

ey

M=3dtet. F2l:
o= —

AH

14

ojru
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klo

64

1

5(0/1195| 4

27.5

0

2

—

100
[}

<

K0

Hln
IA

ST (g/mL)

NE &4 (mL)

=(mL)

A2k (s):

K
oF

ol

iy

A2k (s)

Ko
oF

0
Pl

—e

Toi!

A z=(mL/g)

= [7] (mL/g)

X0
KO

oF

M A
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64

1

5(0/1195| 4

27.5

0

2

—

100
okl

<

K0

Hin
<

ST (g/mL)

NE &4 (mL)

=(mL)

Al Zk(s):

Kl

ol

Al

A2k (s)

Ko
oF

0
Pl

—e

Toi!

A= (mL/g)

= [7] (mL/g)

X0
K0

OF

A
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1

5(0/1195| 4

27.5

0

2

—

100
okl

<

K0

Hin
<

ST (g/mL)

NE &4 (mL)

=(mL)

Al Zk(s):

Kl

ol

Al

A2k (s)

Ko
oF

0
Pl

—e

Toi!

A= (mL/g)

= [7] (mL/g)

X0
K0

OF

A
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Oft
oA

275 | 5

195

0.01

0.01

ol gA) (g/mL)

c (& #HW 3|4

) (g/mL)

Nred (ML/Q)

c (Ml R 5]

) (g/mL)

Nred (ml—/g)

c (Ul i 3|4

) (g/mL)

Nred (ml—/g)

c (CFA Ry

[oF

|4 &) (g/mL)

Nred (ml—/g)

8.K 9 o 2 73t= O LR3 e A

poly(vinyl alcohol)$=82 90| K @} a Zt2

o] =1

K=

mL/g_]
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25 2% (1(2/3]| 4 5/6| 7 | 8| 9| &N
= SHMHS KORL

3 M | 3(2/0| 275 | 5/0[195[4| 1 64
9. YoM 2 K 2 ot ME X o 173 BELE O|80, ME X o =g =
DEXO| 2AtEZ Fotat MY K o a 442 7oA ZUCHH, K =0.1 mL/gdt a = 0.5

O 8ol A 7 LtStEt.

At kg

M (X) =

Replacement or extra chemica
(A S =71 A9}

d ab assistant signature
(A =0 ME)

Penalty
(2H)

Broken viscometen{z == 7))
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1 18

1 H . 2
H IUPAC Periodic Table of the Elements He
hydrogen helium
[1.007; 1.009] 2 Key: 13 14 15 16 17 4.003
3 4 atomic number 5 6 7 8 2} 10
Li Be Symbol B C N (0] F Ne
lithium beryllium name boron carbon nitrogen oxygen fluoring neon
[6.938; 6.987] 9012 slandard atomic weight [10.80;10.8% | [12.00;12.02] | [14.00,1401) | [15.99; 16.00] 18.00 20.18
" 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
2299 24.31 3 4 5 6 7 8 9 10 " 12 26.98 (28.08; 28.09] 30.97 (32.05; 3208] | [3544; 35.46] 39.95
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zing gallium germanium arsenic selenium bromine krypton
3840 40.08 44.96 47.87 5054 5200 5494 5585 5893 58.69 6355 65.38(2) 672 7263 7492 78.96(3) 7090 B3.80
a7 38 3g 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
rubidium strontium yitrium zirconium nigbium molybdenum | technetium ruthenium rhadium palladium silver cadmium indium fin antimony tellurium lodine xenan
8547 87.62 83.91 922 92.91 95.96(2) 1011 102.9 106.4 07.8 1124 148 BT 121.8 1216 126.9 131.3
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 B84 85 86
Cs Ba | wnenoss | Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caesium barium hafnium tantalum tungsten rhenium csmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
1328 137.3 1785 1808 183.8 186.2 180.2 1922 195.1 197.0 200.6 [204.3: 204.4) 2072 2080
87 88 104 105 106 107 108 109 110 11 112 114 16
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Fl Lv
francium radium rutherfordium | dubnium seaborgium bohrium hassium meitnerium | darmstadiium | roentgenium | copernicium flerovium livermorium
| |
| 1
57 58 59 60 61 62 63 64 65 66 67 68 69 70 |
La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
larthanum cerium dly dymi I hi il europium gadolinium terbium dysprosium holmium erbium thulium yiterbium lutetium
1389 101 1408 1442 1504 182.0 157.3 158.8 16825 164.9 167.3 168.9 1731 175.0

Notes

- IUPAC 2009 Standard atomic weights abridged to four significant digits (Table 4 published in Pure Appl. Chem. 83, 359-396 (2011);
doi:10.1351/PACREP-1009-14). The uncertainty in the last digit of the standard atomic weight value is listed in parentheses following the value.
In the absence of parentheses, the uncertainty is one in that last digit. An interval in square brackets provides the lower and upper bounds of the
standard atomic weight for that element. No values are listed for elements which lack isatopes with a characteristic isotopic abundance in natural

terrestrial samples. See PAC for more defails.

- "Aluminum” and “cesium” are commonly used alternative spellings for “aluminium” and “caesium.”

INTERNATIONAL UNION OF - Claims for the discovery of all the remaining elements in the last row of the Table, namely elements with atomic numbers 113, 115, 117 and 118,
PURE AND APPLIED CHEMISTRY and for which no assignments have yet been made, are being considered by o IUPAC and IUPAP Jaint Working Party.

For updates fo this table, see iupac.org/reports/ periodic_table/. This version is dated 1 June 2012,
Copyright ® 2012 IUPAC, the International Union of Pure and Applied Chemisiry.



