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Abstract 

This rcscarch attempts to tind thc improvcmcnt of thc studc~lts' ability of utilizing 

the equipment of the Inorganic Chemistry Laboratory I newly installed ill Rajabhat Institutes in 

accordance .with Rajabhat Institute  curriculum  2000.  Six  modules  wcrc dc\,clopcd in 

acco~npanying with each equipment to enhancc the skills of utilization. Thc study was 

separated into  three parts : firstly, the participants' cfticicncy. sccondly, participants' 

achievement and finally, the participants'  attitude. Samplcs wcrc 86 Rajabhat Institute students. 

The tools of research comprised  modules, pretest, posttest and attitudc test. Data wcrc analyzed 

by SPSS f'or W~ndow program. . 

The findings showed that : 

1. The efficiency of the modules was 75/75 (f 5) as the no~mal standard set. 

2. Participants had positive  attitude  towards  all  modules. They  had more 

opportunities to use several tools  when  there  were modules acco~npal~ying the utilizing thc 

equipment )in the laboratory. 

3. The result of the learning  achievement  of  the  participants  was statistically 

signific.ant at ,the level of 0.05 . 
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?muimnnbia:inuimnnid~:qn6 (In3.mir wan.) lnuiiinqds:nakw"owa"nn2 iin: 

i~n'iln?mn"~~n'ulnul4naiu~~ia:n~zuaunis~i~imui~inni~~a:i~nlula~ naonou 

IYIYd 9 w9 
msGuumrnouinuimnni ~ii~un'o~ln~i~uu~M!lomrnigunrn~mnno~ 

a IIpl 9 019 9 A 
M30 !~mna09dgun~sd (Laboratory  approach) 4duonolno:Pi?uddi~?~nalu~na1ub~l~a 

mqua ng nrinms naiun'nsauuon im:ColAaa?dpiid q ~u~Surn3ripuuimi.rt61unZil~~i 
9 019 9 

naiuSniiAa msmnao~d~una~~kdau~ndulfi~Guui~nw"nu:ns:uauni~~~~?mu~n~nm~ 

(Science process skills) ~m:ionn~m~?~ulmnRi (Scientific attitude) ~af~in~~a~dnii?d 
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9 we 
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~umsdijrjn'mrnmnod~dl$unisdau9~~n8np1iln"m~ma"np1aizii~ q so~nisl$u(iilonnn' 

wisinuimnmi 8914lti niriinaiuouinfouinliiu (Curiosity) naiuiimqiiwn 

(Rationality) ~aiutSunulon51~ (Open  mindedness) naiuliBomu~SuIn$ (Subjectivity) 

nislidaurrqd (Suspended  judgement) ~~I~~?oIss\I~~JI~ (Critical mindedness) nisiinaiu 

&t'I&Ii (Honesty) L~:$R?IU~@U$OU~OURU (Humility) 
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~uu$~;l'ioa~~~~nif ~ ~ ~ i H ~ ~ ~ ~ ~ i ~ ? ~ ~ i H i ~ ~ ~  (Scientific method) 



I. ~~nir6?uunisnou (Module) nuiubq Bo~'I~ds:no~nisG~unis~ouvo~ 
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3niJgunmsmiiou'un% 1 (s%?ni 4022202) rnun~nqnrvoqnmGuq11~~ yna8nsin 
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2.1 naiuwuiuuos~nnis~updnis~opdw~ohuq~ (Instructional Module) 

61wod yy.dau (2530 : 198) IR"n;dii ymms~uumsmu wmu& msaid 

i~wunir~uurnsmuuo~n~~mu~.aYdonis.aouii~ q iauiiu (Multimedia approach ) 140 
9, 9, 1 9 4 
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yna (2534 : 320) l~6ni;laiunuiu~o~~nni~~u0~ni~nn0~"1.a"ii 

nisGuunisnou 0 nis~n~~~~s~an~uni~~t~~~ni~no~~~nu~ir"dnnaio"~~niau~o 14;n.i 
1 %' 
n w u 9 

Zunjiikd3znu (Multimedia system) r~~~d0ll~.lo~~~.ll1~1~?,l1~ls~I~11fll3~n~1~~~~.l 
A 

leda$od%ni$as~us ~iazl6iiimnai0laznan6oni~l~luni~~u~ni~n0~~ 

aairui (Lawrence, 1973) ~~~aiunui~~o~~nni~~~um~na~n~oTu~a 
Aa A' A vva 
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4 

dsznau~au~anis~uuibazn~:uauni~~ozdiu~ani~a9~iaaeii91na6i~nu~ 

WI~& ibt=:fludu 1 (Parson and otbers. 1976) ~~naiu14ui~~ad~n~uu~u~a 

~i~$~~nZ~ui~nG~uniul~nb?uui$o9lni$~9n~l~~aumuia~aii9n~nanmi~Jnaiu 

muisnuo9nuiod o:~48uui~unuqnnan?ab~un~u8"b~ 



q;nm~~~uuni~rrsudazne,~~ni~~~~~uia"u~~ n"o .pnmrliuumrnou 
9 9 194 dn2n~i~~uu~iAol4nouw?oinuodsznun~~dlun~~liuElwiingauu oioOuniiTn 

fll3tlOU (Teaching packing) d3zn01~Ia~ 

1) $ion; lu~u"on~ozmuoiiu~i~uaw1~lun1cjn~ulXi~4n~~9~~ei1~~ 

&dxnsuhu;.rdi9 q do'ldd 

- $n~swu~~~o~wa"nq~~~~az~n~~wuiui~~wqZn~~~~ 

- siunz~unidua5uiiowi 
94 0 

- asnitiiunirnoui~oussgd~wq~nssu8u4nw"iu 

- ~iunis~onisnoui?I4 

- iiaiuz~7nisl$#onisnou 

- p"rPd'9.a"081~~~dszn0unisXuna"i 

2) donisflou (Instructional media) d~~dszn~~fllsnsuido~~uss~ 

gnpiswmu 89ozb~~onlBwu1:nun'un"on~~ulun1sduuninnu \w"elXflirGuuf 

rjdi~n$uYIiiuiinz~ani$a 

3) iiuu3nTYn 
9 

4) iiuuwnnou ~fl9biuuwnnouf;~~ii~z~a"9n13~uod (Pretest and 

posttest) 

q;nm~GuurnsmuciinYp1"n~n~sp1n~'u i$uqnmr~uunirnoudifiu 
Y 94 

n"onssum~0uudozi~n~oninl~~auuin"nnis~uu~oinni~iin"on~su~iud~i~unY$lu 

win-nuani~i oioiinmu q ?n?iIA udnz?nnzki$uqui5anrrll ozddon'5ouniiuu 

nsuTn!$l6iudiuau$liuuludu6n"onssu~u 7 dod1~1uidn-~i~an33u~aIa"1u~~l 

~o~downu aio~~#oiiw~usiu~nnaw'io#oziiw~un~ud~nnu~~iau~ui;~~ f~uud 
?J 

~uuo~n.pnm~~uumsnoud~zi~~~~o~nisnaiu~auiwa"s~~fln~~~u~fl~n ozio.mms 
pl 94 

nai~a'au~na"ooinn~lus~u~~uSuuig/i~~u idomu~uuaa~auuoz~aubwa"o$.miriinzriu 

II n2noui$u~~iialu~zwii~~Suuiin"onss~ ~nms8uumsnouziinYuiion~suni~~ 

uisiidunii ?mrnsnoutiuugubmr 8uu (~eaming center) 



I. iiiiiod (Prospectus) ~oiioiuiud.~~~u~i~"~o~yn~~~~~um~n~u 
d ua 

in?dr:ndd naiuf~u2iunr;i3uu$o~~riou~uu irn:uouriiuuo~nr-uaunir~~wun 

2. inqdrzntd (Objectives) $0 ~~~naiudr:~~~o~i~~niou~ii~o~uu 

!diih qGuuiiinnirid~ouiidn~o:1181.1 

4. nl3fhl4~~~~fl%%lJ (Enabling  activities) ~0fll%~l~~~iiu'2Vlld~?6 

prpra 94 ~~ni~iw"~~~~n~~r~n~~~~iwun1a"Tn~I~~irou~~~riaui~u1unir~~~~~onrrud 

Aao 

~nou~umrn~ia~nn~r,~~unirnou~~uii~u~~~ n?o Chulalongkorn 

University Plan for Multimedia Instructional  Package  Production G ~fl41: q 41 CHULA 
PLAN $~sRKu~.ZL~U~~T~R%~ZB ~nllCI51015; n~.GooqA wrwua.~A (;flu ll1iiR.I ling 

fluiu 7, 2543 : 67 - 68) 66idi~UhiROUdl6~ 10 iU 

I mr~inunnuannd~~owidr:nunird ~~oKinun~Sunua~j;~i 

iodi 2 ~iwunn~aomrnou 66da6iani?viooni8uniaonirnsu Tno 

ds-uiariukom?.aidoz1~~~niuirndiuM~nnaiuf~~n'od"n~uu1~1un~~~d~i~n~o 
A * 
nuanid 7 n: 1 - 2 ka1u~ 



iud 3 fiinunhko.~ Qn~uozio~munuio~i~Iunisnsuii~azniau 

nasI<dsznunis(;lifi~Zuuozls81~ iia"afiinunh$o~oonuii8undaunisnoueiou 
W A  

uun 4 fiinunulufl~diezntnnis uluvi~6mzntnnisifiinundu 

o:n"odnonn#od~uwdauiiazfai?od Inun~dsaui~uaAn rns:i~azntninmmn"difi~la" do 

~Sui~~~nidfii~~~i&~~~<n~~na"~d;pd 
w v  

hia1 5 fi~rruningds-ndA InYnonnXo~riuf~i~o~Tnufiiwun~8u 
y e a 

ingdrzn966aldhou iiaaodnuulguingdsznd6b~dwqGns~uiiodibnmn"nisLd~uu 
* 

wqGnssuli;?nn?~ 
w *  
W d  

gun 6 fiinuniinnssumrZuu I<nonnXos;uAgdszadAbGd 
A 

wqGnsru .a~o~i8uiiuam~nisia"on~iazniswa"n~sn1sarou 66iionssunisZuu= ~uiun"4 
d ya 9 w4 

n'onssu ynoiitnyouud~un ibu nisdiufisdi#d nouhmu iiiuumw iinisnnao.r 
9 

~~~lffltln~ b h i f l ~  104 
w ,  
W d  

gun 7 iinuniluudsziiiuwa tio.~ds:lu'uwal<nsdin~drzndB;bGd 

wqn'nssu ~nu~~iuunnnouo~~mmn"ido~~~nounsiuii nt~oindiun'nnssuuiGuu?ou 

LLX~ ~Guul&~d~uuw~iinssunisZuu~niua"n4dszn~6~~~~a"~~ol~ 

Rd s i~onim:wa"n#onisnou in! 9dnsd imz';~nisin214i;ot8u 
* * 

#omsnoud.riiu biow8niionirneuiida:fab~odiba"a ii~n#smsnouin~iiiu~a"b~u 

nuann$Iunzio.rdi-iuul5 iiouG-~ldnnaadmdsziinS~~iw 

$ui 9 rndsziin7mw~nnisGuunisnou idodsztiuiiymisduu 

nirnouin~i~$ui~sziinimwlunisnou~nti~azio~fiinuninmn"du TnuAiddn".~ 

ntnnisiii ms~uufiSun~:uaunisideiaul<nisidduuwr~ffnrsuuo~~Guuurs~wa 

kiurnrfiinunman'ozioaii~ada Lcnr:uaumry* imz 66watwC- InutfinunA~auiSu 
.d d l  

?ouazuodn:iiuuiaauunii9~ E, / E, mrnnnoudrsiinjmwio~AiiGunis 3 hmou 

$0 ~~uuitua (I : I) iiuuniu (1 : 10) iiazninnuiu (1 : 100) 

lo nirl4qnnisifuunisnou Tnn~rGuun~snou~lAd?ud2~ 
9 * 

dd2 yaw yw a rc 
imziidr:iinPmwmuinmnwn~la u~unounisI.an.ru no I iiiiuunnnouiisuGuu 

f i 2 Riii$ii=junGuu hi 3 ~udsznou~onssunir~uu lui 4 iYun?dwa 
*, 

nisnsu aiazSui7 5 iiiiuunnnount~Zuu 







2.4.1 ~iw3~uI~dnl~ziwa 

gIr3rrol iaiscuqa iinznu6u 1 (2543) InYafi~grnnisEuunisnou 
4- 4 9  
n33nuiniuu Laboratory approach i i ~ t ~ ~ ~ ~ ~ ~ ~ 3 ~ ~ 5 ~ 1 ~ ~ ~ ~ 1 ~ ( 1 ~ ~ ~  Tnunfi~~n 

Y, 

fll3k?~~fll~ntlU 14 TR i U d ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 1 s J " ~ 5 l ~ ~ Q ~ ~ l ~ 5 1 ~  2543 

Iunuini ~3inuihId i 53?nuik-~Id 2 d~flGms0~in~1$31d I imzd~~Gnis 
Y Y, 

~??nuihId 2 dszainsddnlnibuod"n8np1innis~'usi~~~ hu-~ufiqiiu sso nu iiuuuwu 

nis?hdl+%~ Pretest - Posttest Design IRUIA~EIU?FILQPIRA msimsiz64oyaI4 

Tds~mrudi$o=jd SPSS for Window 98 ~ani~~~w~~i~n~n~iarn~flus~n~~~iannG 
dd # 

~nnogrnmrliu~msnoulu~n q Ziu iniu intldsznq&oqgrnmsifuumsnou 11fon-1 
9 9  A 

Gn~ou iiazdi~n'in'nmsiiuu~ou'i~~~~13iun'ni~azi~";1wa iia:iilnlomnhlainsoqdo 
c: d 9 019 

nnao~ociiqinun nirduunisnoulnul~~nnisiiu~dnisnou~i~unisd~unnisnnao~di 
994 9 4- 
ln~isuui"PnisGuu~ unn~znszu~unism~5nuiainn~iiazina1ui~~an1~lun1rl4 

2 
mBoq~o~q,uo~iqi~uai~i~p?~qn~~~us:~u P i: .ol 



qiwui fuu' (2542) !?1iini~3b ko.1 nirGwuiunZuudiif~~d39n 
4 

~nui~irmi ~ O P  6~tnroinirw ilnznirld~uu~u~~ndu~n~n1~n1r8uu%o9~n~uu 

tu~suudnuiYld 2 dduuTnuun8uudi1~o~dn'ud8uu1nunirnoudnS TnuSAiuuuwu 

fl13fl~fi09LbUPI Nonrandomized  Pretest - Posttest Controlled  Group  Design flj~i30i19 

YiiidGnduurzfu~buudnu19d 2 luninduu$ 1 Ylnirdnui 2541 1rsduuoindwiafii 

dnuinu nrumG~dnln n;.rmwumunr iiu3u 80 nu ili.ri$u 2 nju wnrnrdnln 

wuii drziiwfmwuo.runBuudii$~~d idih 93.32 I 92.32 wniiuqn~niwir8uuua9 

u'n~uu~kmr8uuT~ua$u~~uudii$o~d $89 GGmroimr qd~niid~uu~nu3ilnou 
444 

dnn'sii9ijriur~iC~n19nnm6rzfu .oi 

4 

~nuia'usnnGnqunsi~~iii iiu-~u 40 nu Tnuliiqigun junnno9b~nznjunau~u wnmr 
no1 2 A 
~eudsingii uniiuu~u~n$nh.ruuGdrziin~n~w 85.65 I 84.75 r.rq.miimord$fiinun 



2.4.2 dlld"atI~ldodn'ldd3Zi~fl 

9 w A 
i~nhIk6 (McDonald, 1971) ~~~lnl38~~l?~~I~o(p?3aonouwa.a"u~n~ 
9 1 94 

m~msiiuuiinzia(p?m(p?o~anou~nul4~nnis~uunirnoudodrznu~doi?uu$~umuio~ 

riu'i5nouiiuuassunidl#nirurruiuunzo5dsiuluiaim.tno'~nq~ wnms5bwuii 

od"ninuid~uu7nul#~nni~Zuuni~a,oudod~znui~oEuu~aumuio~ ijwn.a"uqnifiinz 

ionnn'qsniin jn~rrouiiuu'~1~ruiuiiazo5d~iu 

Ron: (Caucci,  1971) I ~ ~ ~ E ~ I ~ ~ ~ U U ~ ~ U ~ ~ ~ . ~ " ~ ~ M ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ I  

94 

?anouh?W Tnummouirnuussuiuo5d~iu (Lecture - Discussion) iiurnrnouTnul.aY 

~nn1sZuumrnoua1nn~u~aoi1~od'n8n~l1An~nn 82 nu l&3mlumsnnnod 2 ZdmG 

wndnngi~wn~uqn~n~~n~~~uu~o~od"n8n~~li'~no~n~uiinnd~~n"uo~~~~8;~od"udi~~ 
Y Y 

s w dd 9 d 

msno'f ~1nms~auualnmui1n1~Guuibnu9~~nn1~~uun1~nou~uod"n~n~l1iis"n~z~u 

n1rdnlnmn~1u~ui~on13a1~~ii~nrai1~~1nn1~nou1iuuuu1u- o5dsiu niik1Eilnuo 
Y 

iiuzii ynrnrEuunirnoun?~i3uuva"nni~i~o~6u n?odi$ila.r (Introduction) l~?n%d 
ci 94 

nsounquii~n?iu~~nuiu6uo~uwZuu unzrioungauuoziin"on~3uni3Euu n33azii 
&Ad sd ci 

n~iufi~u?r;~ln'anrruiid q v?DL~I~oAI~~~Muu~~"~w~"Q~~~BJ ifu q riou na3anl#lu 

mrnumun?iui;l33~zijuln~~nuna3 5?Uidm5Ia?uii3d (Reinforcement) ~n?5dlui 

li?ulumrAuu$?u idu ld$Euuf~nrnsGuuw"u~ 

iin (Meeke, 1972) ~$8n~liid?~u~uu~~a,~~i1uu~#~nni~iiu~n1~n~~ 

n"El~"souaiuus~~uailu5aii~uan'u ~X~1n1~8n~l15$u~uGn8n~1u~15nu1a"u iiuau 
9 94 

144 nu Tnuiili~i8un~lmnao~~~azn~uwau~u ~~~n?uqu'lbnun?%no~ib~~~33%]~l 

njunnno~i#ynnis8uuni~nou wuiiriohlnli'q 2 n juWiin31u~nnri1an"ulu$1~ 

msEuu$~iaZeiiui?u 



94 w d 
uroiaG (Brawley, 1975) ? ~ ? ~ ~i ~ ~ ~ ~ d 5 ~ ~ ~ ~fili ~ % ~ ~ ~ ~ n 1 ~ ~ 0 ~ 

d d 
nirnouiiuu8odr~nui~o1~nou1unisploniaaidin~uinnisuu~i TnunJi~qnmrGuu 

nisaiou iiuau 12 qn 14aaniiinisduu 1s ?u wanir5~uw~liin~umnao~in~iiuu 

aai%gsn4in~unauqu 





2. ttuud5:LGunPd689fi'ou~uuLiaziiuud5ziGunutodn;d~uu iduttuu 

nnnou~wa~u~n~nidflis~uuv8du~~uudi~a~dii~a:yn ynnz 20 6 nn'az$ei 
6inoulGta"on 5 gaia"on 

A 
3. 4i;on~ tSunisii~z~inirl~u~Euufiit~o~dvo~n~$~u .a.~drznoud;au 

iiwumsnou Sonssud$noub.rin;uuiadwGi Ykiri rnrmi'tluiiomrnou nnonouinq 

odnmhn:mstni diianuvo~dimuudnzSonssu nu$9iiuudszi~unuioddouGuuitaz 

na"sGuu (wfsuiwaudinou) 

*narz$~~lkmn~~~oei~~vo~~~on~la"luninwan n 

4. it~~n~uniui~i~~n?did~n~slGup?G~uliiio~d?nid~lj~n~stni 

oUPUI~~~C 1 ~~flinY~~i~~it~~d1:~1~61 (Rating scale) I~~~;~~ D~~~ O U~I U R?I U Q?~ W~"~ QI~~~ 

~~nuiynnir~uunis~ouit~a InuiAiaouIGidon 5 rzgu Zo uindnn rnn ihunaia 
A 94w 9 9  

uYou iinzu~oud~n iiianun 15 6 r.mruzeaouYnlnttuu~wnouvo~$~au~in~sioisC 
nr.wa dig9 j imznuiu 7 (2543) 

*n~~~5bY&mn~ci?oei1~iiuunouniuint0nn?"~o~~duu1a"luninwuan u 







bbPIPIbbWufll5MnaO9bbPIPI One  Group  Pretest - Posttest Design gdbbi7Gl91~dFll~l9 3.2 

~59dfjfiGfll3 

Tz 

fioudfjG;flls 

Treatment (TI) 

Mna89 

X 



dr 9 Y 

3. Pdoinzbtuuw \fl~iflfl1s~ma0~1M"9fi0u~uubba~wa"9~uuu1w1na1u11mnd1~ 

iaudii7 (t - test) 

4. 1Ud0d~~~ns~~fl~fl~69~~M~uudib~~~dbia"? ~~~~~u~IIIuu~ou~u?~~ 

lnnnii ~lnzJiu'synuihliiunis ihd 
1) ns?o1xn:'n-liuuainmwi$k915 

uini7qn 1; 5 nzaluu 

Ulfl ax 4 nEbluu 

diunn19 ax 3 nzliuw 

GSU ax 2 flzLLuu 

~Oud~fl 9; I RzllUU 

2) ~mnz~~~ya~mu~i~?mwidib~$u~a%n~m (Z) ~~nz~iildu.rluuuims~iu 

(s.D.) l~ul~~nmn($un1s~~dan~i81wu1u~i~di~~~u A$ 

nzlluubaiu 1.00 - 1.49 wlnu5.r n3sdj~ld2.r 

nzaauulsdda 1.50 - 2.49 wuiuth WDI; 

n:lauuieriu 2.50 - 3.49 wuiu& ~liunmd 

m~liuulw"a 3-50 - 4.49 wuiu% S 

n,"bb~~l~&~ 4.50 - 5:00 ~ ~ 1 1 ~ ~ 9  hlfl 

94 u 94 CI 

I. nonkqiu I$Idsimru SPSS / PC* lumr~nsiz4widianmw'u~iu dl 
A u 41y 

AQ~U dId~9~Uulm5~1~ i'n-ln:(iin?iutda&uw?dnaiub$u~ (Reliability) UO~~~O~UD?QU 
dw d 

2. mm~;ldrwn~isduia6un~m~1flflismopI~~uu?flb~mn~ 18nmwnd; 

nz~~uuiadu 1.00 - 1.49 = sztuhi n?011i5 

mz~~uuia'iu 1.50 - 2.49 = sz6ui1 

nzbluub~iu 2.50 - 3.49 = ~~~~dl0dfl~l9 

flgbb~~b~i~ 3.50 -4.49 = 5%%Jz 

fl%lbUUbW$f~ 4.50 - 5.00 = 53~lJ~811fl 





5, mmnnoun?1u~and1~~:~~1~~ou~~~lw~uudi~~s~d~~a:nk~~un8uu 

inifo2d6?~ri1! (t - test) 





S.D. 



unduud1Bo2d 

.and i m3iPiiuuua~mrdn~l1arusJ"Suo9 

ari~ds:nou?oooGn 

?md 2 mrl~:uuiiarrnrdn~l1arusJ"?"~o9 

ari~dsznsulnaa~aui' 

m 3 hsqnhdwffn 

?R; 4 Eil<un3lu~o9?3~udfin"?u1ln~"~o9bl~ 

?mi 5 ~U~~S"UD~BI~~~ W~P~S~U 

lnd 6 dfi~?uioonSm<u -:n'n$u 

- 
x 

4.4333 

4.5333 

4.1935 

4.3226 

4.0800 

3.7200 

S.D. 

.5040 

.5074 

.7492 

.6525 

.7024 

.737 1 

n~n6i 

odlurnar4 

z 

d 

muln 

z 
; 
d 

'a 

z 



S.D. 



unduudii$02d 

 mi? 1 nisanfuu~a~znicj~n~liausJ"~"uo~ 
nis~lszneubooGn 

'~md 2 m5in~uu~~a:m~fn~iaus~"~"uo~ 
aisdsznouFn~a~wu& 

?mi 3 Fnsaniidwbn 

y~d 4 fiihnaiu~od!a~ud~"n?ui~n~"uod~iq 
'~md 5 nu~i"uoaiicymru~+u 
?mi 6 dfjRuisonG~m$u - f h$u 

- 
x 

3.6667 

3.6000 

3.8710 

3.8065 

3.5200 

3.6000 

S.D. 

3442 

.7240 

.4275 

.6011 

.5099 

.5774 

bonn; 

odluinor4' 

; 

; 

; 
d 

'a 

; 

; 



S.D. 

SO85 

5085 

5993 

.7911 

.6532 

.5859 

i~~flz 

odluintuw" 

d 

$7 

d 

$7 

d 

$7 

i? 

; 

; 



S.D. 



- 
X S.D. 



S.D. I 



- I S.D. ionni5 



- 
X 1 S.D. 



unduuiii$opl 

ynd i nir~a3uuua:nir8nlnnus~"~uo~ 

aixdx:nouloooGn 

yd 2 nixaniuuaia:nix8n~iausJ"Zuod 

aixdx:nouFniaiau& 

ynd 3 1nx.mFi.rwbn 

?mi 4 di~un7lu~od~a~ud~ii~uiin~uod~i~ 
5 ~IU~J"Z%~~~I~~~~UGGU 

I prn4 6 iliii9uioon~n~u -3gn;u 

- 
x 

3.5333 

3.6000 

3.9677 

3.9677 

3.5200 

3.6000 

S.D. 

.5074 

.4983 

.752 1 

,7063 

A226 

A660 

ionnn' 

odlumol?i 

d 

~l 

4 

~l 

4 

~l 

a 
Fl 

i? 

i? 



- 
un8uudi$02d x S.D. iomn; 

ndluman' 



~wdf~udib~~~d 

ym; 1 nis~mius~aaa:nis8n~iaruGS"uoa 

arisdsznou%soaGn 

2 msmm~uuim:ms8n~iaruCSvo~ 

arisds:nonr%nbabau& 

?ad 3 Tn~qar~il~~~n 

?Rd 4 ~ l ~ E l ~ 7 l ~ ~ ~ ~ ~ ~ ~ ~ d ~ n " ~ ~ l b ~ ~ ~ ~ 9 ~ l ~  

?m$5 ~ 0 ~ ~ ~ ~ 1 0 9 6 l ~ i i ~ ~ ~ ~ ~ ~  

?mi 6 11fiiiiuioon~m~u -:~n$u 

- 

X 

4.0000 

5 .oooo 

3.8065 

3.7742 

3.5600 

3.5600 

S.D. 

.8305 

.oooo 

3725 

.I3835 

,7681 

.768 1 

i96lflS 

odlummn" 

d 

m 

Zuin 

d 

Fl 

s 
Z 

?l 



unGuudii$apl 

?nd I msin~uuim~mr~m~nu~~vos 
tll3d3:ft~¶J~00~~fl 

?nd 2 "13 ~~?uuiia:ni~~n~inuG~uo~ 
n13d3:fto~1Fniaiau& 

3 Tn5snfiswBn 

ymd 4 ~l h ~ ?l ~ ~ll 9 ~ ? ~ ~ d ~ n " ~ ~l b ~ ~ ~ ~ 9 ~l ~ 

rnd 5 nu~~vnc~iqimsu~~u 
6 d~n"?uioonGim+u - fhh 

- 
x 

3.5333 

3.5000 

4.0968 

4.0000 

3.5600 

3.7200 

S.D. 

.5074 

.5085 

370 1 

.8944 

.6506 

.6782 

innaZ 

otjluinol?i 

; 

; 

d 

fl 

; 

G 

; 



fiou 

w& 

fiou 

w a"d 

fiou 

na"d 

fiou 

w& 

fiou 

w a"d 

fiou 

wa"9 

S.D. 





rnr?lnsi:v%~qa 

1. ad~uui~uu~~n~iuttmniiarzwa'~an:iiuu~~n~un'ouEuuitazwa"~~~uu 

6aud-G ( t - test) 

2. jtn~i::du~oqnainuuunouoiu~mlamn.'~nul4n'iln~uinun1~~mlla:n'i 
d 
i~096'LIPd~l~9~1Pd 
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~lwa?sodiia~a%nli 91 3 

Fn%wTiwZn 

CRYSTAL  STRUCTURE 







1 

u'y1St~pddi~~a~d~ 3 

%n%9-a;19~zn 

CRYSTAL STRUCTURE 

3.1.1 "U~SLI"U~SH~~I (Crystalline solid) 

d Aa 
%odbndwu~~nrdbs%ln~miLiiuouiwwi:~a fi~andiifuu fiuou~n 

4 yur:nii~iianGilur:uiuii~ q ficiiiiiuou .a~imn~~nis~nifu~i$us:i~uuuo~oynin 

isi~unuodiit.rdr:inwdiiuodii~dw~n uosllil.rwZno:iipnnaoubwaaificiindi ioldoviild 

tououn"~lnqtungiin~~o:~aouEaluM"uiw"uln 

oymn1u~o~iiil~wZno:o~luiiii~i~~i~iuou oyrnnio~1uiiiinli.r 

indiiu~uniioymnniau (unit particle) ~~a:~~~uinai~uo~oynin~iauEun~i jp 

ilamn'.a (Lattice point) i ~ ~ ~ i i ~ i ~ ~ i l ~ ~ n ~ ~ ~ i ~ ~ ~ ~ ~ i ~ ~ ~ d ~ ~ ~ i ~ ~ i ~ ~ ~ ~ i ~  7 o:lkmmn'.a 

wn'n (Crystal lattice H?O Space lattice) $ddS:nOU$3UHi3Ui;'pd31Uib$ni4n if~njl b%ah( 

niau (unit cell) i.anh(niauo:l$uEa~lwuuodHa"nli'dn"ou dauiiuauoyrnn~uin&p 

i~ousouoymn~noyrnnnid~ui~a(alw".aw~n dunii ~nuTnooiiiiu$u (Coordination 

number) 

1. TnsdnhdlluuQnui~bGnnaidEa (~ody - centered cubic structure) 

146f1inv5tkl bcc 

iirns~n~udny mnuod~u~nodw"u8pd~n~d aGnidi1n~itda:oy rnn 
' 1  ' ' 4 

uo~~wi~o~~ufian"u~~ninu~~$uinu 4 oynin do ~nisai~w'Prio~ii~ynio~ aiau 
9 ,  

$pdimu oymno:o~nsdiiuoyninipdiisn mr~ndu~oymnlu~uii q o:i$uiiuu 
92A 9  

AB AB AB.. . ~Ifh!di$BU 1 ms~nifu~iiuuijk~uowsoua: 68 idn:syrnniimv 

~flFI~i~l~$iln" 8 





3. h3di7fId.au'nuss9$fld4fl (Closest packed structure) 1iidl8~ 2 lluu 

$El 

1) hsd~fld.aiinuss~$nd~nlluulsn%:h~a (Hexagonal  closest 

packed structure) nBo9Wnzlsdn hcp !kin' Mg Be Y- Ca Ti im: Hf ini 
! ~ ~ ~ ~ ~ ~ d ~ ~ ~ ~ 1 ~ ~ ~ d ~ ~ d w " ~ ? i ~ d a' i d ~ d b n " ~ 0 i n n I ~ ~ ~ ~ U d  

3 ,  9 ,  

oy miluoviu$nud.r TnugnRubnai.runday nin"u~~fu$a,o~0:o~nsdnaid"uo~do~~i~~~ 
Y .  

in"noinnis~niiudoyrnnuodfu%nudd llioyrnnuodiudno.r98;9Aw"udodiidM-'dnund! 

oiuo-r&;nudd ilis:l~uuuut~uiio~nud~iia"aw"ua,a"un"u9n] idu &onviuluhlmu't B 
Y Y 

&nun n?o c G~MUR Kqn] 3.1.3 

ri3unis~udo~mn1uhia(iuo:aid~"u~od~id"uodfuia,odiao: 

ii~~o~mn"uo.riudaiuoinsd~uoynin"uoaiuinid nfoliguliuu AB AB AB ... iiiiu 
92 4.9 

d o  nis~n~udliuu~ili~~~~nin0:~ba"u~noo~~iufubw'in"u 12 i.aluonroua: 74 
d4 44 1 

nsnu1;3i.r1uwa"nfoun- 26 0211 3.1.4 



2) ~n5~11h~"11~~~55~~n~~niauuqnuiBIn" (Cubic  closest  packed 

structure) nfol$6nvsio ccp oioduniin%on~~ii~n5~ar31~"11Cn~155gGn~~naauuqn~11~1n" 

nai9n$i (Face - centered cubic closest packed structure) w f o1$6nv5io fcc 
9 I 9 .  

mrb~ru~o~mn$uir~~~~iia:~u~a,o~iw~ou~uiauu hcp iidmr 

liuaoymn~uiuimuo:ai9~i~~(al5qcuJuiwi9 n"o o:ai.rriuioqii.ruoaianaiaroa n;J 

3.1.5 niskGuqoyrnn~uRoiiq q n:i$uaiuu ABC ABC ABC ... kiiu!dBou q iiia: 

oy m~~1u~ns~n;iaiiupldo:~uiar~nu(al5a~uoyni~~iaa~ua 12 oymnhuriu nfoiiaau 
A' 2.v 

Inooisiu$uipiicu 12 nsounroaauo~5oua: 74 ijis~uw~n;ouaz 26 



3.1.3 da~$id~Tn~9&19 n19'~99 @A~~Gl (Gaps in closest packed structure) 

dodiid9ulnsdnhdnisuss9Dni4n i 2 .aQn $8 dodnsd#nrji 
w 

(Tetrahedral hole) L~aEd~d~159~1d~~~i (Octahedral hole) 6d51Ua 11BUn6d; 















neui 3i i.an6wd-w (Unit cell) 







$lu%oaa%ainiautpiln"LI 2.866~10.~ cm tba~iinaiunuit~Gu 7.87 g cm" 8awIuaa%Da 



4 4 

. . .  ........ ............... Qnuqiu ...................................... iavw niu Idxiinn~3m 
P, I d 4 

........ ............... .......... tsau91u 1. ................................... iavw n4u 1dsaan-buavi 
4 9 

.......... ........ ............... 2. ................................... aam niu rid%aann~3vi 
d 9 

.......... ........ ............... 3. ................................... aavw niu 1d~iin~uavi 
0, d ZY 

................. ............................. auw ......... inau w.H. 

d 9 
oioisutaau.. ........................................ 





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

7. iClraa"~u'auvo~la~z~o~i~iina~gl~~ai~~a~~~uiPri~n"'~~ 4.079xio-~ crn LL~: 





rn81-G 3.3 I~1~~nh~~~n~a~ni'snl~~nap1!aaaGn (Ionic crystal) 

wi;nlnooGniliI~in~fj 6 aGm $0 

1. ~8flbluuT~lra~erunao!si (Sodium chloride) ~l~bb~~15~nClr8a6 (Rock salt 

structure) 

wa"nlluu$ilnnlooouiaa:aloulooouo:ila"uTnoofGlu~ubi1n"u 6 looou 

ddouroulooounu"slooou?n~u~:o~d~u~o~~dwsslldm~~i rnsdrtnoudilnssnhd 

uoswa"nlmu~.al~uunao?s60:i~m~6a 7 lddu Mx ~s6mnd3uuosllnm1ooou : 

ilo~lfI~~~lViln"~ 1 : 1 fll~d5:fl~~69~il3~6bbfibb81~a6~~9~~~:bb0~~1~ 88fllClr6iba: 

ca"a6"uos%aw:bboani!aod"i~dw 

2. e~a"flbi'~'~$b%~uF9atll36 (Cesium chloride) 

dc? 

wbniluu$a3erunaolsmuwsllnml~~~u ~~a:~~ou%ooouo:i~a"uTnood- 

ii~u+u~viiriu 8 13uTnssnhs~tuupnuinn"aGmnais6a -bms63~tSu MX idu CSCI 

CsBr CsI b$u&u 

3. wa"nllu'LI'dQo8ls6 (Fluorite structure) 

wdnlluuvlQools6 nlo CaF, ilmPI~ooouO:ilau~noof~bu%ubViln"u 8 

ri~ulloulooouBln"uln~ofG~u+u~iin"u 4 wdniluurlQoolr6igm5kald~3u MX, nlo 

1 : 2 lm'n'ihllnu'ruosilnwloooul1a:li~uloooun$udriuo:l3uwdn~luuuouiivl~oolrn" 

(Antifluorite) 49i3m563ldi3~ M2X ~$8 2 : 1 

4. wdfl~uu~l (Rutile structure) 

wdnuuu~lwi nlo TiO, igarhldl3u MX, bsiri~uuoslmmlooou 

hll~ub88ut!?u 1 : 2 idu SnO, MnF, l~~~~00~~l~l~~00f~l~~~bw'ln"~ 6 $3~ 

~~auloooui~aulnooiGtu%u~w'in"~) 3 

5. e~a"nbbPI~1$~6b~lal~6 (Zinc blende structure) 

wa"ni~uuGsn"luau6 H?O ZnS ~~uu~nuinn" igwrk31d~Su MX bsid3u 

5:~iisllnnloooun"ui~oulooou~i1n"u 1 : I isllnmloooulla::ilouloooudisiiau 

TnoofGlu%u~iiriu 4 ~alvl6looouo:o~mud11~~ds"uos1nss~f1s"11Gmu55~~md~m 

tluupnuinn" 



6. W~f1bb~'~b?~fl??l6 (Wurtzite structure) 

wiinlluu~linIa6 ~$0 zns uuulsf1r:Inljn iirrmrh~dt$u MX 

~~p7m1ooou~~a:~~oulooouii~~iiia.u%noo~~~u~~~Piin"Pr 4 ign~m:~wiouG~6tuau6 

yoodi~ ~d~ir~unr.m~a~d6~aooouo~miuiibiw~d.uodnr;rnhdaû nurr~~n~~nnuu 

aanclr:f nGa 















5. Brady, James E. and Gerard E. Humiston. (1991). General Chemistry : 

Principles  and Structure. 3rd  ed. New York : John Wiley & Sons . Inc. 



particle) ~~ia:gm~u~naisve~oyrnn~~aa~un-di qnllanw"~ (Lattice point) 

IIRRGWWBA (Crystal lattice M?O Space lattice) IIFI W~"WW:RL$UI~JA~U~RTUJCUISUIP~I~ 
I Y 

m.u'~u ~inn~~~~du~ninusu:rns$n~u~oyni~p.piauniuluw~n %det19uuuu144ii7u1!d 

(unit cell) k~uaaanw"(aw~no:ds:nonr~auiwaa"w~a3u~aiu 7 1wa6w1iaud~u.ri;oi7u~iid 

aSur:~T~uu lm:~da;lmnuan~wwBnds:noun'auaaah'nu'au%~ip.p~i yu uilui2ui7u itin: 

gn~~iSudauussawn6p.piau6up.pd~ 7 ts~iludauuodlwa6p.piau~n~u~~dd~o$n"(;16uAau 

Y 

1d 3.4.1 1wa6niauuos NaCl dgn~iioann~~~n~nMi~~iluar~ar~~o:IA~~awiiwwZn 



,9 

oinzd 3.4.2 ox, OY , oz ~buLinuttd~~nid;uiia:;u 

a, b, c b3u~aiuuia~iuiiua~inu x , Y , z 

a , p , y iguqus:nildimu ~d~iid~i~ii~u 90° 

a , p , y ibuqu&~ims:~iidilnu Y tivlinu z itnu x {uamu z im:imu x ;u 
9 

Ainu Y mui12iu r:uuwa"nvk 7 sruu nyJY8iwisi-r 3.4.1 

pnu~~d (Cubic) 

bw w 4 : hih (Tetragonal) 

i3~~ %~9OBJ~fl (Orthorhombic) 

4 8'd~%'~l2~?a (Rhombohedral) 

b81fl011: IflGa (Hexagonal) 

BJO J~flsGfl (Monoclinic) 

lfl3flsfifl (Triclinic) 

- 

a = p = y = 90° NaCl KC1 Fe 

a=bfc 

afbf c 

a=b=c 

a=b+c 

afbfc 

a# bfc 

NiS'O, IKH,PO, TiO, 

%SO4 KNO, KMnO, 

NaNO, CaCO, As 

CuS ilfldd6 Mg 

KCIO, iid6 uoian.a" 

%Cr,O, CuSO;SH,O 



3.4.3 ~auuu~abian%verZn 

s~uuw8nuia~&uu~~16~o~nino~~yu"uodb~a69~~aub~1I;'~d bss 

ayrn~e~ mi~~i~~~ia~u 7 in $adfllluusloalbanw"aw$niia q 191-1 4 $8 

1) d5&~1~l655~ @1 (Simple  lattice) ~~~~n~~b(l~l&~5dyBJ"u~d6V'1& 
9 

P.P~~U~Y~IS~"U 

2) d5:~nnnaidih (~ody - centered  lattice) ~n~rnno~~yuuoaiaad 

ud?u imzBn i oyrnnaddquhaia"uoabaa~~G~u 

3) d5&mnnman$1 (Face - centered  lattice) ihumn0d$u~"uo4bVa& 

MG~U b~~&iio~~ino~~an~ia"uoa~l~Ifa 6 VO~W~&L!~U 



4) d=izanwnai~daigl (End - centered lattice M?@ Base - centered lattice) 

~s~mn8d<~uuedkaa6~iao aan:ijoyrn~o~d~nai~"u~s6iua~o~ 2 6iu $ndnsafYu41u 

~IFI~I~ U"~ 
~uB R.H. 1848 18fJH6 U5lll (Augaste Bravais) ~13d4dlflH168nUi 

I~u~~uwa"iiiaaz?~~m!Iarn~qw~r7pi'~ 7 ~LUU (nuan~~6dnaia88ni~ubbp1~~id 7 '16 14 
9, 9, 

laup1 "I5daa~r.uils q awiifigonrdi ~ba@I%Vp151~~ (Bravais lattice) iba@lficllp19112;9 14 LLPI'U 

' Yw 
LEtfF13 ~FIFISG-~~S~.I 3.4.2. 
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C
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.- 



ain~d 3.4.4 ozindujidUunYj 8 du ci 8 1000~ dii~~~iuo~pnui~tili~u 

Cl 6 !~OOU ~IU~~@YVO~$~UI~~&~ Na' 12 1800~ I~~ Md~~~iYldU~d~fl~lflfl"~ Na4 I 

beau &diu~iu.lu!ooou~uiTaa"n~aauuod NaCl bdii!oooudid q &di.ld 

3.4.5 f115~fl~~~8~~0'bl~~8?888~d?~d~~fl 

rnsRdu.r~~uo~ayni~Iuwa"nSiiiI.A"in"nFws~arfi~!i 3 iiuu6ioT~ssnfid 

iiuugnuifln4d6nn~1d~a (Body - centered cubic structure) 6f1~3h bcc Tns~nh~ituu 

I?nu~f16~6nsrsum (Simple  cubic  structure) L~~~T~~~~~~T UL R Y S S! S R~~ R (Closest 

packed structure) 





(2) 7nrsnf1.rniimusrp~m~qmiiuu~nu1~1n" wYolB6'nurdo C C ~  

w'io~nrdnfldniimur~B~miqmi~uu~n~~1~6n'11dw~1 (Face - centered cubic strucrure) 
P, I 

Bnurdo ~CC Trlr;rnh~au'n~~n~r~mdu~~nnr~nau~u~wd~~ia~~udno;rmdou~uiuuuu 

hcp i~d9uim~~muo:~~.rgnnranau~il~nrs~~u~~d~7mua1~w"u.b;o~ii.ruoailn~~na~ 

&?I] 3.4.8 mrurrpan~is~nnu~uiuiid q idi.iluiluu ABC ABC ABC . hi~uild~~] 
A 
arou q 



3.4.5 .doti1tSuTn3sahtn13~~33qSnfiqn (Gaps in closest packed structure) 

iodiid~u~~lsdnr"i~ni~'uxx~Gnd~ni 2 TCR ~"o iodnsddw~i 

(Tetrahedral hole) iia:iod~x ~~~dnp.ppa"i (Octahedral hole) ~d31uC1:i~URdO?dd 





F ~ G U  I il~?616~8d Li, Na, K. Rb 
1 (Tat~tlunnoIs4) 1 AgAl AgBr MgS CaO BaO 

ZnS BeS AlP CuCl AgI CuI 

CaF, SrF, BaF, PbF, HfO, UO, 
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CRYSTAL STRUCTURE 
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n. Simple cubic struct~~re 

"U. Body - centered cubic structure 

n. Cubic closest packed structure 

9. Hexagonal closest packed structure 

9. Face - centered cubic stnlcture 



fl. 3 

9. 4 

il. 6 

15. ~~aindau~~uunai~~lCiiiipdau~:(pl~u~~~l~ 

n. 1 

6U. 2 

fl. 4 

9. 6 

0. 8 

17. $3~dt$n~~~%~9~fl19~~n~bb~fi91~b~Ubb~9~Pl~D~n~~~:n~1~~fi~~9 

oqniwnie~lsaw~n Gun4i~zls 

fl. Crystal lattice 

TI. lonic crystal 

fl. Unit cell 

9. Covalent crystal 

0. Crystal cell 



19. wa"naauud~ool~~~~m~iiau~z~~~~~anmlo~ouui~uou~~~oouaPiiiiEI 

aw'ils 

n. i:i 

"U. 1.2 

n. 2.1 

9. 1.3 

0. 2.3 

20. aav%noo$GauGu"~o~ban(p?looouaanz~~ouloooulu~a"nasprua~$ml~i 

i<iwauavii!5 

n. 2.4 

"U. 3.6 

n 4.4 

9. 6.6 

0. 3.3 









no, n 

3. 41uauo~mnlunn6~daubbia:~~mua~Pd 



3 .'. dflnnruod 2 o:~ou nfo vo = 2x-nr 
3 



~l~%bdic11~6~i~uiiln"'LI 2366x10-' crn ii ~ ~ ~ ~l ~ ~ ~lii ~ ~ 7.87 g cm-' R1~15fl~IU~R 

Yw d 

uodmiin 1 o:nou I R R ~ 

uaauosiclln6wdau = naiuwuiiiiu x d?uin5 



uaaunalaabu'au~ln9'banzno9ii = (4.079~ lo-' )' cm' (19.3) g em-' 








