
4.1.1 ql~i~~ (boiling poi 

uodurruinifi gnrn'onrfluron m d r ~ a q  rflu6~uu7ni~niuni~odi~~ddd 

~~~iug~6ronknvduoduod~~a~ rriur5iu~n'ug~~aouaa~d~~~~06bon~nvduod 

1103bb$d 
1 

A J 
4.1.2 mm6'1.1 (distillation) rflurnnClnodi~~u~n~flunirn"iQnK3iiazniu n i r  
viira~aoaIKui~nB ~ i a n i n ~ u n u a ~ r ~ o ~ w n ~ a o n ~ ~ n ~ s a  uaniindni~n&sa~iIii~si 

nmu~~ldamaa~ra~i~aaGnXau 

nirnkirain'u~knn~iu~~mndi~uo~n~iu~u~o (vapour pressure) u o a u o ~ a a ~ A  ' 

waun'uog I n u i i l ~ u o ~ ~ ~ a ~ i o u n a i u r f l u l o ~ ~ a z n k u ~ ~ ~ f l u u o ~ ~ ~ n  Y Q J L H R ~ ~ G  

1 n~iuRilouinnliazrz~~u~~4iunli 5 ~ n k u 6 q r 0 u u o ~ ~ ~ e q 1 $ d o u  a~lii%run 

4.2 m q w ~ i i a ~ ~ v ~ ~ n i m i u  
A ' L  A' u m z d v i i n i r n i  u o ~ ~ ~ a ~ a r i i n ~ i u n i i l o ~ ~ u u u ~ u o ~ m ~ q ~ u o ~ u o ~ ~ ~ a ~ i u g ~ ~ u  
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rniu~u~odouuo~uohcln3~~dn:'11Qa B ~ ~ f u n d i  nguo~n'afi (Dalton's law) R j ~ u n i f  4.1 

P7?, = P1+P2+P3+..*..+PA17fiqR$lu (4.1) 
Y (I?IUKMIUIOL/QU (partial vapour pressure) f i k i u i n ~ ~ ~ ~ u u ~ ~ ~ f i u m ~ i u ~ u ' u u ' u d  

Y % ~ f l ~ d i ~ d ~ ~ 4 1  (mole fraction) U I : U ~ Q ~ ~ ~ U R ? I U ~ ~ I Q ? ~ Q J % Q J ~ H ~ ~ ~ ~ ~ ? ~ ~ ~  

t: w 
UMR?U d ~ ~ f u n l i  ngum f i ~ n d  (~aouit's law) K ~ a u n i ~  4.2 

moll 
(4.3) X1 = 

moll + molt + mol3 + . . . . . + molll7fiqqRfia I 

w w  A r l  
9inRuni'I 4.4 YI t o  R ? I ~ L Y ~ J Y ~ Y Q J ~ O Y Q J R I ~  di3dclu~nia~fludiad3~iiu3~ 

run 

I 

1 .  n i f n ~ L L u u ~ f f ~ ~ 7 ~ ( ~ i m p l e  didillation) 

2. n l  ~ n k u ~ ~ u n ( i i f i d a u  (fractionaldistillation) 



t reduced pressure) 

I 

4.4 ~ I ~ ~ ~ T ' M ~ U I I U U I I ~ ~  
ni~n&uua~.~u~ir i lu 

volatile) 
d 

4.4.1 (arssr~nanazr~u'IX~~au Ioiszmu n'7~ni.rdlri~crso ~riu 
) 

1 H A U ~ ~ C ~ V ~ J L H R ~ ~ T E L H U I ~ ~ ~ ~ H G J  ~ ~ ( ~ R O ~ ~ ~ ~ ~ ~ ? ~ U ~ ~ I O ~ ~ J ~ O J L H ~ ~  1 

0, V 
V ~ Q ~ U ~ ~ R J  ~ w . n r i ~ ~ ~ t l ~ n s r l ~ n m ~ ~ i u ~ u ~ u u u a ~ u a ~ ~ ) r ( ~ ~ d w ' u w ^ ~ ~ u ' ~ u ~ ~ u a ~ ~ ~ ~ ~  
8 uu s i o n k ? ~ n o r l i ~ s d ~ i i  d ~ ~ w ^ ~ u a ~ u a ~ ~ s a ~ o r ~ l u ~ n ~ a u a ~ $ i a i a ~ ~ n ~ n a ~ n ' ~  

lu~qnya~ua~rsna ~ ~ ~ i I ~ u a ~ ~ s ~ i ~ r ~ 1 r i u ~ 3 u l a l ~ u " a o n . ~  G~niils3n~iu6ula 

i i o o ~ ~  
~un3d;i.sh &sraf u i ~ ~ ~ t l ~ ~ n ~ u a ~ ~ n ~ ~ b ~ ~ r n ~ u a ~ f i $ n ~  ~e~#u+ i  i i m n  

bJCiuai~d~~ii laisrne d ~ ~ n ~ ~ u C u ~ a u ~ ~ w ~ u u ' d ~ ~ ~ ~ ~ u a ~ n ~ ~  &$uOinna 

, vo~finSI ~ ? ~ ~ ~ ~ ~ ? ~ ~ ~ ~ ~ ~ ~ ~ I u c ~ I o ~ o J ~ ~ E ~ J L H ~ ~ ~ " M L  (~8Jnlf 4.6) 
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llHMnln 4.2 n~ iu f i $ud t  :~did~m)r(p~~~azd3~161f dniurn' 

4 r 
4.4.4 I ~ ~ ~ o s u o ~ I H ~ u ~ ~ ~ ~ u I I P I Y ~ ~ ' ~ ~ ~ ~ ~ ~  ~ ~ a ~ i o h ) r ( ~ ~ n i ~ n k u ~ ~ u u i T f f u a i  

E Y Y  ~R'uaa.1\%fluniodi~6~niw 4.1 d~fiRnouIuni.r~mnda~u 

I. nilquir (grease) ~EIIJUIJ 7 d f i c i ~ t ~ ~ ~ ~ f i ~ f i ~ ~ ~ d ~  
Y Y  4 A E 

2. I%(I?HUUUR (damp) Q U R O V ~ R ~ ~ U I P I B ~ ~ ~ R ~ ~ U ~ I U ~ ~ J  (stand) LL(I:\$V?(I 

8 n k  (distilling flask) n d o ~ ~ u ~ ~ d n a i u ~ i  (tripod) dia?am:~infd (wire gauze) 7150u 
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3. ~~~uuK?nku (distillation head) ~fifiuullu?ank ~~ri?~~u$?nk%ld3ou 7 LAe 
w  A W  I ~ ~ ~ ~ ~ ~ W ~ o f i f l ~ ~ ~ < ? n k ~ n . r : p i ~ l d & ?  m?3[111?0~I$u~ankuk~a3J~~u 

4. L ~ ~ U L ~ ~ ~ ~ J ~ ? ~ U ~ ~ I ~ ~ ~ ? ~ ~ ~ L L R L I ~ K ? M G U ~ ~ ~ ~ L ~ ~ ~ J ~ ? Y L L P ~ ' I ~ I ? ' L L K ? ~ ~  

I i r ~ u ~ i  uk~ 
w w  A 

5, ~?uu'oqyylnlfl (vacuum adapter) L111nuL~3flJm?u~du IL~~Y?SJI?UV?R 
w w w  w w  3 o ~ i u  (collection flask) Luinuuoqgqinifl n ? r l a ~ u ~ u i ~ ~ ~ d u ? r l o ~ i n i n u o c y ' a  

q w y i n i ~ ? ' i i u v i o d i ~ $ i u o ~ ~ m ~ o ~ m ~ u ~ ~ d u ~ A ~ ~ ~ ~ ~ u l ~ ' b ~ u " o q q w i n i ~ ~ n a ~ u i u ~ ~  

~diuuu?sl.ro~fu ~ ~ ~ I ~ ~ ~ M c ~ ~ ~ ~ T ~ c ~ ~ ~ ~ ~ ~ ~ J C Y L L ~ Z ~ ~ ~ ? ' ~ ' Y ~ I ' I ~ ~ J ~ ~ U  

6. ~ A U U L W Q ~ ~ Q ~ I ~ Q ~  ~ J ~ ~ ~ U ' Q ~ ~ ~ ~ Q J L W Q ~ ~ ~ ~ L ~ Q ~  (thermometer adapter) ail 

a?uo~uufinku I~uoauo~n~adi l -nof l l~oJ~aof~ l~ 'bu~ : : ~ ~ L ; ~ ? ~ ' U L L ~ ? ~ I J Y Q J L L ~ U  
I 

K2niYu 6~niw 4.2 
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o : d ~ ~ ~ u o d ~ ~ a ~ ~ # ~ ~ d ~ ~ ~ : ~ ~ o a o d i ~ a d - ~ ~ a u o  ~ u ~ d ~ ~ a ~ d ~ i ~ k d ~ ~ ~ a ~ n f i i ~ ~ ~ d u a ~  
r e hn-jigclL(oa uo~~~n~a:'Ldunudo~niwIu~w~u ~~I IKLC~W~J: I~~JLH~I~UHUCI 

dJ:tn5n1wflufi n ' o ~ i o h l ' Y a ~ 1 ~ a ? ~ q m ~ ~ i i a a a ~ d i n ~ i ~ a ~ 6 a ~ i n  7 ~ O W ~ J L ~ ~ U I R W  
Y n.rni!htad~dbn ~ ~ d u l m ~ : ~ u o d u m : d u ~ ~ ~ ~ a ~ s " o u ~ a ~ ~ o ~ i k ~ ~ ~ o a o ~ ' i ) f i i ~ ~ % o d  

L ~ a ~ ~ ~ ' o a ~ ~ ~ u u i 8 u u u ~ n k u l ~  
Y a w  w  

3. L jUlKn~iur"ou~~n'u03~~a~luu~ankul2i o ir f lua~Ja:a~uuo~uina~a~u  
w w a  L , an~iuawaula rn~lhrvodb~adiiga~f omdin.i~ so O a  rnr&ii?um~ad~diimio~n JD~O'JIO 

w  L 
:I ci?uuo~~~a~di i~a~Goaoc~Zwri~~ 80-180 ~a n ~ ~ l ~ ~ n ~ o ~ & ~ i ~ ~ f i ~ ~ ~ ~ n o i ~ o ~ ~ a o i  

d d 1 ~ ~ i u i $ ~ u ~ d o a : 1 6 n ~ u ~ u ~ m ~ ~ ~ ~ &  c i1~ iuuo~1~n~du 'ga16oa~~n-~ i  i 80 la' 
~ d a ~ ~ v l ~ a u n s d ~ k b d f i ~ f ' b ~ ~ n k u ~ a u ~ ~ n ~ i o ~ ~ u ' i ) : : ~ n ~ ~  

ni~nku5~~8uuo~~~a~du31~mn~:~d1:~noi- 
w  u uai iuof  I ~ ~ ~ u I ~ I ~ w o n u i : d ~ : r i i I ~ ~ m ~ i n i ~ n R L U ~ ~ ~ ~ a ~ o ~ ~ u ~ i l u  2-4 HOR(/O 

5. ~ h o d ~ u ~ m ~ ~ n i ~ n k u ~ ~ ~ ~ a : ~ m ~ ~ ~ d ~ ~ n k u n ~ d ~ ~ ~ ~  4 d ~ i f l n q m ~ ~ Q d  
a4 %hn&l? q ~ H g u U n n ~ p ~ L ~ ~ C I ~ ~ d 2 1 ~ d b ~ ~ 2 k ~ L ~ d  

w  rl lunrriduotnn?i3uua~wau b ~ m . r a u u 2 a . r o ~ f u I t R l u  7 ~ 2 m i i ~ f u ~ f i u  

B. n m  ~ ~ i i o ~ o ~ ~ ~ a ? ~ u u ~ a n k u ~ ? '  2-3 ua. ~wi:~~nku'iluu~aniu~~si~~t 

'Idiiuo~na~d~:fun~iur"~u~d~~un~~~:~~a q:ri1l~u2nnks"ouQa~u~n^u1d uon 

o f  o i o i i ~ ~ o f o o n I a ~ ~ a u o ~ ~ ~ u  dankuqu 
@rl w  w  ~ ~ i i o ~ ~ d ~ f l o f  oonlaanb~uuuuinoi~bfiani J J tbfi~116' 

s ~ u ~ i l w ~ ~ o t i i u ~ n i i  Gga~iioasii~nirriounii ao Oa 
i v 

4.s.i nim#MllUnn'i~~d?M11~9~13a~aiUq6101~1? a~sartnuqaunG (ideal solution) 

i ioa isa:a iud~rs~Gqa ~ : ) r l - i i d ~ u ~ a ~ ~ u o d a ~  ~ n ~ a r t ~ ? n ' u ~ d ~ ~ r i i n ' u b ~ ~ d ~ d ~ a ~ : ~ ~ i d  
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I 



b ~ a q w o  ~m. rh~a9nn i t  agilclu$2"l,di 

~rAiiiiai.razaiulnlai~n^a~~uu~'~ w ; r i~nqtr i ;6  (amotropie mixture) i io~'b~ul~Y$~u 

m.ra:aiuqnunllR' ..c bc% .. 
Y Y luai.ratoiudd.rznou~~u11~%%~~of~~n9~n'u n2 lu~uuuuuo~ai~n9m~6~qz  

L ~ ~ ~ I J ~ J L w . ~ I : G ~ I . ~ ~ ~ I I % ~ H ~ ~ w ~ x I o ~  & w " u n ~ i u ~ u ~ i c r o u o ~ a i ~ n % n ~ ~ n ~ ~ ~ ~ ~ ~ u  
Z A d L r  Z m . r a z a i u ~ r i i t ( l r i s u n ~ i n ~ i u ~ u l ~ ~ ~ ~ ~ ~ ~ u u ~ u u n  uunana~unii2ouo~cri.r~~ 

Y 0, Y Z 
~ ~ Y ~ Q ~ ~ u ~ ~ I ~ ~ ~ ~ ~ ~ ~ Q J ~ I ~ ~ ~ ~ ~ ~ ~ Q ? ~ ~ J J I ~ ~ ~  (P = POX) uam~iui iwra~2uuo~ 

R ~ ~ ~ L ~ ~ U ~ ~ ~ ~ I ~ Y / ~ ~ W ~ T ? U U Q ~ P I ~ ~ B ~ $ U ~ Q ~ Q U ~ I Q J ~ ~ Q J L H ~ ~ ~ U R ~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q J  

w w Raau (PT3$J = PI +P2+P3.....+PA17q(l$711) 

n ~ i u r i u ~ f ~ m l i c ~ r u ~ ~ i i ~ ~ a z o ~ 6 d ' ~ ~ n o u l u n i s n ~ n i ~ ~ z a i u ~ n u n i i l j i  

~ w a ~ l 4 0 u f i d i  J ~ J L L ~ ~ U ~ I W  4-3 ~ I J I O U ~ I ' T ~ ~ ~ I U V Q J I U U B ~ L L ~ ~ I ~ ~ ~ ~  n n ~ a u n i w  

riJnrii2 ~uuBudgn~lanfi so.1 O a  Lifi:ifig~dgn~fload i 10.6 Oa ai.raraiudd.rznau 
A' n i u ~ u u B u 1 ~ a z ' b v g ' o u ~ t d ~ ~ 1 ~ o m ~ : ~ d ~ ~ ~ ~ c l ~ f i ~ ~ ~ ~ ~ u 1 1 a ~ a o m n ~ o ~ n ' u ~ ~ 6 d ~ ~ n ~ u  

(composition) ~ I U L & ~ ' ~ $ J ~ J ~ O J L I W ~ I ~  4.3 ~ ~ U L K ~ ' ~ & U U L L R I Q J ~ ~ ~ ~ ~ Q U ~ Q  ~ b d  
o~~u? luam~tnuqa~ua iaaz~ iu6qru~q~? i~~ lm~~oa  7 



qinuwwiw 4.3 a i~a:a iu~~~~uu#~~at~n~"oudo~6da:n0ud~m A 9:flla 

~tod 80 O a  bdo~iuink%wua.r.run ~:~&odaa?dnku~~~od~iu~uab~~ndod6da:nou 
w w  d1n B ~ ~ d n ~ i u ~ ~ u ~ u ~ ~ ~ ~ u ~ a w i n n . 5 i l u u a m n k u  luum:du~6wai~a:aiuluv3a 

w w  L1 a nbo:f i~~u3ui ious~uci~: f in~iu~~uv~uo~~w~6uuin8u otluwariilH'gmfloaluum 

n h q d h  (qinga A ~fluga A') $onisn~cin~uuio~din p~~8oauo~ni.ra:aiulu 

umn&o:gddubn (oinln A'  raula A ~ )  ~ ~ I u d q a ~ m ~ i i o a u o ~ ~ i ~  a:a7uluuq6;rnku 

q:qd6u~d~miiomuod~n~6q ucu:~flu?6uod6ds:nouuod~odb~a~dn&u~6fio:~dtuu 

oin B (OW B' LJU B" L ~ U W  ~ u l u d ~ a ~ ~ ~ ~ l n ~ S u ( d i u ^ a ~ n f  

a u u M  ~ . r i n i u i ~ n ~ i ~ o ~ a ~ u ~ u a ~ f n d n k u ~ ~ o i n n i ~ n k ~ ~ ~ u u n ~ . r ~ m i ~ v  

~1di~vdtimgd~:nouClgR B ~ d r i i n ~ . r n i u u ~ n ~ ~ u ~ l l i n  uommaodrnuHua2;q: 
A' 

ipa~6oad ss O a  ( lala c) i~udn~iil~qinuo~~~a~ao~~iu~uau~:io~n'd~:noud 
l a  D (fin,u~6$uuod~~u8v 90%; lua ua:ha6u 10% h a )  iiir3iaiui.roriid3d 

n ~ u ~ ~ ~ i n u a t n a ~ n o ~ ~ i u ~ u ~ h d n k v ~ ~ u u a ~ . r u a i ~ n  iduf~:aubJ ludqafi~:18 

dqdn~k8u~uu3udu^agna" luriiua~~flu36u ni~.r iaiui .ro~i iud~dnkul~u 
d A'& noufiiuuo~nisnkuuuua~~uai ~ J L O U ~ ~ U I I Q J A I  ~ d f i ~ a ~ R o a ~ ~  ( ~ u n ~ w u n o ~ n ~ 6 ~ )  

W V a  w A ~  I 'I?ua?u*~Idnkuuun~.ruaidn 1auni.n?lud~udnku~anun3d~nb~oa~~1.1'bba:~1ku 

~ i r d u ~ d o u l d  ldqmfio:~R'Ai~d~udu"'Ja~ii~aq~~o~nB6udu^aqm uuwni~nku  

u u u a . r . r u a i ~ i ~ a i u n ~ ~ d ~ i u i f  n~i~6w~oun'u'bau^?~nku~un~16ud3v~au~.a"n~:u~n 

nkuil6udqu (fractionating column) U ~ J ~ ~ ~ J L H I I J ~ ~ ~ R " ~ L L ~ ~ I I ~ ~ ~ ~ ~ ~ Q J ~ ~  J nku 

LLULIlTJJU611 



rhuuo~n~7~~~nsiua~~uamnkuar~su'8;1(u'u~d~~um.r~'~:~~1uennnd1xnn#u~n kd5ni.r 
A' ~1~u~~u~~a:naiu~91u!o~duoa~~d~~li~~~ndaudi~d~uomn.r:uonnku 8~nO1lPn' 

nRlurn'uo~~cla~dii~o~~foadini~riou - r l a ~ i n # u u ~ ~ b ~ a ~ d ~ ~ m b ~ o m  fl~ndin"a:~iui JII 

n~iu~flu~o~$d~~onn3:~onnku~~~:nku~~u~1~udou1 ~munifnnisd'~nsi~~&~Jii 

1 k ~ i m u i . r o u ~ n u o ~ ~ w a ? d ~ ~ m 1 f o ~ ~ n i s ~ " ~ ~ u d n ' ~ d ~ ~ u n " u o ~ ~ d 0 1 f l ~ u o 3 ~ ~ f l a u ' i ~ n f  

r~d a:mtali 
1uni.rnkuuunrii6ud~uo1aiin?1u~~b0u6o~u33~a'~~dbdoud~d$?i~01~~~~d 

'lilun.r:uonn&~do~~g~w"udlflo~~a:~0~~~~3Gloni~diu~nn31u3'o~l$u1n#u ?aq 

d ~ d o u ~ o ~ ~ i i i u i ~ n i i o i a ~ i $ 3 u ~ b n ' ~  R ~ A L R ~  4501a~1: hnl6 J U U U ~ I J  7 riw ~ d u  

auunau uuun%a uuwlufi uuu~idiu r i h . 6 ~  iu1.ru.r.r~i~~ahi1dn3.ru't.r~ 
2 

~ ~ M R ~ ~ ~ ~ ~ ~ Q ~ ~ : ~ O J L H ~ ~ ~ ~ ~ I ~ I I ~ ~ ~ ~ ~ ~ ~ ~  ~ ( /1dn~~~aa~~inauni . rnku '%ai5  
A'u 0 11.r:^nn9niwluni~uunuo~~~a3'%~~7~na" uonainurnair91u~:~o~nkuvo~~~~~d5 

gmrfomgc n~.rdo~~n.r:uonnk~8~u4yu3un~iufou bdu luufi (glass wool) lugu 

(asbestos) LL~UQ: Q~I%.J (aluminum foil) 6 a ~ h  b d ~ b ~ n " ~ n l ~ ~ ~ ~ ~ 1 3 i ~ i ' ~ ~ ~ l n ~ i  u1u 

n.r:uonn~uuiu'Jniuuon 

I 

4.6.2 mana"od~i~nd1~~6aoduo "Idiiloda~~~A A I ~ ~ L ~ I ~ I ~ ~ ~ A ( I /  
e A 

~rtia~d~lluai.ra:~iuqaufi4 d u i ~ ~ i ( R ~ I 1 ~ u u n ! J ~ ~ u ~ i ~ ~ : ~ i u q m u ~ 1 ~  (non-ideal 
A' 

solution) ~ ~ ~ ~ ~ ~ Y Q ~ ~ ~ ~ ~ ~ ~ I U ~ M ~ I ~ O = : ~ ~ L ~ ~ ~ Q U ~ Q ~ ~ L ~ ~ ~ ~ Q J I I ~ ~ I ~ % ~ ~ ~ ' M  a17 

. ai.rwsunq~do~di~sl (minimum-boiling armtropic mixture ~ 1 %  minimum-hang amtrope) 
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X URZlR Y O L L ~ O ~ ~ $ N H ~ S ~ ~ ~ ? I ~ ~ L ~ Q ~ % Q J % O ~ L M ~ ~ # ~ ~ O ~ ~ Y ^ ~ ~ ~ ~ ~  R I S I E R I U  

d d~o~id~:noun~a z %QJI,LH~~IW 4m~5snlq a i r ~ r a u a ~ q n n  (maximum-boiling 

azotrope) n 1 ~ n h i W U u n ~ i ~ ~ d a u ~ ~ ~ t 7 i ~ n t n i u d d ~ ~ 6 d a : n o ~ n 1 ~ ~ i u ~ i 0 1 1 o ~ ~ m  z a: 



Y nmmnnau + 

Vigreux 



0 - b 

'73, - P& + Pb7hua4a (4.11) 
A i , 0 -: ~ u a  # a n ~ i u ( r ~ r a t l o ~ ~ i u ? ~  uar P ~ ~ ~ ~ , ~ ~ ~ ~  ~an~iu6u~aua~~u.rTu~uu4u 





w ~ n l a ~ i l ~ u ~ n n k d k ~ ~ ~ n t ] ~ ~ u d ~ ~ ~ l d ~ u u ~ ~ ~ n k u ~ ~ ~ ~ i u ~ ~ t l l ~ ~ i n c n = : ~ ~ ~ ~ ~ ~ u ~ ~ u  
--a' ?su~auni~~$n~lu~ljia~~fla Jioinnitluan c i i ~ i ~ ~ u c i a ~ n ~ ~ l ~ u ~ f l ~ d i r ~ ^ r u i I u  

uin 7 ~nq~l~a~ildwiinuanuqmniw 

l a ~ i d w ~ n d ; u a n u ~ n n ~ u a i ~ a z ~ ~ ~ i ~ d a l o $ i w ~ a . i i i ~ u I # L a ~ 8 ~ ~ d  4.5 ciili 

l a & o i n r l o l a ~ ~ l i n ~ ~ u ' ~ n f 0 ~ 6 n d i  (water trap) ~ ~ ~ d d  4.6 U I I S ~ ~ ~ ~ P I I I ~ ~ I Q ~  

u ~ : u ~ n n k u ~ u r A a o : ~ ~ ~ i ~ m d i ~ ~ : i ~ ~ ~ a ~ ~ 9 ~ u i ~ i n ~ l ~ l ~ a i ~ a a n 1 ~ ~ ~ ~  w~u'i~n~a~nku 



w 

4.7 n13n~~Tnll~1nfl318.1ifd 

a i ~ ~ w n i f i u i ~ a ~ a d g a ~ 4 0 ~ ~  ~ ~ i n ~ i l ~ ~ d a ~ a ~ n d ' ~ z n k ~ d n ~ i u 6 ~ u a ~ u ~ ~ t l i n i ~  

u a m f u l d % ~ a ~ f i ~ m . ~ ~ ~ i i u ~ ~ ? t n u ' ~ ~ b a = : ~ a u ~ u t x i ~ ~ ~ ~ c ~  (rearrangement) ~ f ~ ~ f i ~ n i f  

a s n u l i ~ n i a ~ n a a n ~ l a 1 k ~ g ~ ~ 6 a a f i ~ a R i n ~ ~ ~ ~ ~ ~ ~ a u a ~ ~ ' ~ ~ d a n k ~ 1 ~ a i n i  uanqind 

nifnkudqangfif J 9 ~tc~aduai~d?nf~~1~'d~fi5076~ndi'r&~~ucfia1~~1~~~ tlwi 
c~d ida iouf lu1~aun i tnk~a i f~~r~ ' idd~~~~gu^d in4 i~a~6aaua ju '~  - c6atnngn~iian 

aaduad~nfi?dua~~un?i~nn&utliuuanddda~od~na fin?iunrAivnuuancml~ 

n?luiiu~au~duad~~FJ?fi~=:FJc~~d, L f i d ?  ~ i # ~ f i L f l f f l ~ l f S l f i ~  

n~iu6udnclfi~uuua~~~~~~clu~aainiuaan0in~nf a~nku ~~'n?~uku\u~nto~n&u 
u 2. f i a ~ d i n ~ i n ~ i u ~ a ~ u ~ ~ u i n i u  ~ r ~ i ~ n n s l u u a d b n ~ ~ a a n u i ~ ~ d q ~ ~ ~ ~ f i ~ i n ~ ~ a  

~iianua~tTu ni~nku~cuud~iunSi n i~nk~ lauf im~iu i iu  nfa~~unlnah~ndddi 

n i f  nku~uqqJqJiniu (vacuum distillation) n l f  n k u ~ ~ ~ f i ~ ~ ~ ? I i u k u ~ ~ a n i f  ... . nku~u 

qg l fn in&d i~ f ia~~ans laa~~ in  cdu thn?iuiluaclfi~nn is0  uu.aa~d~an p u d ~  

25 uu.ua~dfan szflil8lcl~ii0clficlfi~Id 100-1 2s dg f i i n ~ i u ~ u n i ~ l u ~ n f  aankudi 

ndi 25 uu.uaddfan ZUICW 10 ''ll 

ni~( lmoinincanPin~nla~nkuai~~a'~f  di71~fi~in~an~7nia1a'bc1f a q ~ 1  

ainw ~i~a'u.r~:l'lnasinhniis = : ~ ~ ~ n ~ i u ~ u s l ~ o u ~ a  25 uuda~dfan fiilg~ni(14~~ 

~mini~erfincInu(TwntIi~uii~ i ~~.uad1[mn vtathn4illd 



~ ~ o J o I ~ ~ ~ ~ I ~ ~ ~ I ~ ~ J ~ P I o ~ ~ ~ ~ v o Q I H ' I ~ .  d ~ ' I H ' ~ o ~ ~ ~ f i ? i a u # ~ i i ~ ~ ~ f i r ~ b i a ~ ~ a d i ~  

~~ ILU IJO u n ~ a u ' I f l ~ ~ ~ i ~ i ~ ~ u ~ ~ ~ d ~ ~ ~ u ~ ~ I ~ i ~ d a ~ n o i n i ~  ni.~'ILri~ttJ~~Wnnu 
L d  d 

YOJLHR? (magnetic stirring bar) ~ J L R ~ ~ O U & ? ~ ? U ~ L X ? H ~ O W ~ ~ ~ R G ~ ~ U Q ) ? ~ U ~ ' O ~ ~ ' ~ D ~ L B M ~ ~ ~ ~  









UVIR loo un. iin:Qnrruonmwuui~ to un= so ua. rflunirurro~fu ilwrluo~rnoa#rr 
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