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SⅥmma野

Moder王1instruments are usedin various凸elds ofchemistry．Theseinstruments are use紬1

inteac血inghi紳schooIstudentsinc払emistry：
1・Studentsunderstandmodernmethodsors仙dyingchemistry．

2．They not only actively studychemistrybutalso are positivelyinvolvedinvariouskinds

Ofexperimentsinchemistry．

3．Theycaneasilyunderstandseveralsuりjectsint壬1efieldofchemistry．

ExamplesoぎUse

l．UV－Spectrometers

トa．ChemicalKinetics

Phenolpthalein，methylviolet，and malakaitgreen have colorsin week alkalisolutions，

but they change carbinoltypes andbecome colorlessinstrongalkalisolutiorlS．Fig．1

isanexampleofthem．（phenolphthalein）

加（）芝昌碧（）ぎ畿芸碧0‾
red COlorless

Fig・1P血enolp壬Ithalein

汀the concentrations of dyesis shown asC，thevelocitiesorねdingfollowsthenext

equation．

仰告＝kC【OH－ト‥・‥‥‥‥……‥‥‥‥‥…‥‥‥‥（1）
Inlargequantitiesor〔OH‾1，theequationcanbeconsidered如st－Order・Or【OH‾1can
beconsideredconstant．

州1nC＝k［0汀】t十const ‥‥‥‥‥‥・…‥‥‥‥…‥‥・（2）

ByBeerフslaw

C＝監・A （A：Absorption）．‥‥‥‥…．‥‥…∴‥‥I…（3）

AndtheinitialconcentrationCoisequivalentto“const”・

肘1n監Å＝k【0約‾】t－1nCo ‥‥‥‥‥‥‥‥…‥‥・…・（4）

10gÅ＝10g憲一欝t……‥‥‥…‥……・…・（5）
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Absorptionisrelatedtotime，andtheequationisrirsトOrdel■．Soifabsorptionand［OH‾】

aremeastlred，血enkwillbecalculated．Thisisanuse紬1experimentro＝eachingchemi－

Calkineticsinhighschool．

Exmples ofexperimentaldata by students are Fig．2a互idTablel．Concentrationsof

dyesarelO‾6～10‾5moり史，andtemperattlreSare20～250c．［り悶¶いSdeterminedwith

thetitratioIlOrOXalicacid．
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①

Fig・2 ① phenolphthalein ① Methylviolet ⑦ Malalくaitgreen

Wavelength

（nm）
Slope 【Or「】

k

（miIrl）

phe‡101phthalein 550 0．130 0．595 1．00

methylviolet 590 0．00175 0．0175 8．95

malakai鴨reen 610 0．13 0．0096 62．4

k ＝
SlopeX2．303

1
rOH‾】×丁
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1・b．EquilibrilユmConstant

5m史of2．0×10－5m叫史 Fe2（NO3）3is addedtovariouskindsofconcentrationof
KSCN－0．5×10‾3mo岬，1．0×10－3mol凡2×10‾3肌〇1／史，3．0×10‾3mol／史．And

absorptionsormixedsolutionsaremeasuredwith spectrometerin460nm．

Fe3十十SCN‾≠FeSCN2＋

ThecalibrationcurveofFeSCN’2十isFig・3・Examplesofstudents，dataareTable2．

Table2

absorption 【FeSCN

460nm ×1打4

P．21 0．45

0．920．435

0．85 1．8

1．22 2，6

①

（む

G）

④

initial

荒訂

9．671
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2．56

5．12

10．24
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真言宗】
9．226
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7．871

7．071

〔FeSCN2つ
1 2 3 4×ユ．024×10－…4

mixed K

（460nm）

【SCN‾j
×10～4

2．12 228

4．20 251

8．44 271

12．76 2．88

Fig．3 Calibra臼oilCしIrVe

［FeSC闊之＋〕cai－beで（）un∂ダroiⅥabsor紳Ondata賢a椚d臣㌘e3＋jan郎SCN－］canbecalculated

witjl臣節eSC闊之＋j．SotileVai㍑eS Oでequi且主brまt息mlC（）ilStant監arecaまcuまatedwまt呈1thenext
eqt息atま0‡1S．
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臣節e3サ瑠監S虻闊叫瑠
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トc．AquationofPraceosalt

Dissolvedtrans・Co（en）2C12CIchangestobecisイorm anditsCl‾isexplacedwithOH‾．
This change can be obseⅣedⅥ′ith measurlng the spectrum たom400to800nm．

Initialgreencolorchangestobegrayandbecomesred凸nally．
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2．IR－Spectrometers

2胤 SynthesysandMeasurlng

Students synthesize nitrobenzene，andine，aCetanilideandacetate－eSterS，andtakeIR－

SpeCtrumSOrthecompounds．
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ciTrl Fig．8 Isoamilacetate

2－b．DecompositionorPolystylene

Polystylene，dissolvedinberlZene，isdecomposedwithheatingthesolutiontobestylene－

monomer．IR－SpeCtrumOfstylenemonnmerismeasured．Stylenemonomerispolymeriz－

edtobepolystyleneanditsspectrumismeasuredalso．

（∋

②
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cれナ1
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Fig・9 Stylenemonomer （うbystudentsQ）standard
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①

（診
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cm‾ミ

3500

3．Microcomputers

3－a．

3C〉00 2500 2000 1800 1600 1400 1200 1000 800 650

Fig．10．Polystylene

（うbystudents笹）polystylene仁血

CountingupIsomersorAIcohoIsandAlkanes

The number orisomers of saturated monohy血ic alcohoIs CnH2n十10H and alkanes

C乃H2n十2Ca壬1be showれWithanasymptiticformula．

汀a series ofthe number ortheisomers ofthealcohoIsCnH2n十10HiscllOSenaSa。，

thegenerating如nctiono士′anisshownasnext．

月（∬）二〟0卜〟lJl卜恥†12卜‥‥‥卜〟刀∫”卜

Andthenext九InCtioncan be taken．

‥‥‥‥‥．‥‥‥（7）

A（∬）二1ト音叩〔（A（ヱ）〉3一卜3A（・で）月（・桝2ノ1（一之、3）〕‥‥・‥‥‥（8）
Thenumberofisomerso‖healkaneCnH2n十2CanbetakenwithusingA（x）．

C（ェ）ニダ（ヱ）－－Q（エ）－トム（ェ2）‥…‥‥‥‥‥…‥・‥…（9）
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Providedthat

呵∬）ニガ／24〔〈A（ヱ）〉4＋6（A（ヱ）〉2A（ヱ2）＋3〈A（ヱ）〉28A（ェ）A（エ）＋6A（ズ4）〕‥．（10）

Q（∬）＝1／2〔〈A（ズ）〉2－2A（ェ）＋A（ヱ2）〕
‥‥‥‥‥‥…‥‥…・（11）

Thebeginningo＝hefunctionC（Ⅹ）isnext．

C（∬）＝1＋∬＋ヱ2＋ヱ3＋2ヱ4＋3エ5＋5ヱ6＋9エ7＋…‥
‥‥‥‥‥‥‥‥（12）

Thecomputerprogramsorねrmula（8）（9）andtheresultsareshownFig．11andFig．12．
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Fig．12 Numberoぎisomers

3－b．OrientationoftheAromaticRing

The orientation ofthe aromatic rlngis calculated withM．O met壬10d usingtile micro－

COmputer．Fig．13 Fig．14．
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Fig．13 Phenol（ortho，para）
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Fig．14 Nitrobenzene（meta）

4・pH－meterS

Letxbe asnextintheacid－basetitration．

theaddedvolumeofbase（acid）
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theinitialvollユmeOfacid（base）

Andifthe acid orthebaseintheinitialsolutionisde氏nedtobeporq，andthebaseor

the acidin the additionsolutionis de凸ned toberors，SOeaChinitialconcentrationoracid

andbasewillbeshownasCap，Cbq，Cbr，Cas．
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arede払ed，andAp（As）showstbevalueofA（m）abouttheacidp（S），andBq（Br）showsthe
Valueor8（m）aboutthebaseq（r），SOthexisshownwiththenextformula

〔∑（A♪G♪）…∑（BダCbす）〕〔H十〕＋‰－〔H＋〕2
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〔∑（B′・Cbr）－∑（AぶGぶ）〕〔H＋ト＆y十〔H＋〕2
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Thexiscalcula叫aれdthetitrationcurveisねmulatedandcompared咄htheexperト

mentaldataofpHmetersonthesystemortheoxalicacid－NaO＝andthesystemo＝he

OXalicacid－（肌mOniawater，pyrydinesolution）．
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Fig．15 0Ⅹalicacid－NaOH

Ca＝1・0238×10一之mo批Cb＝4・05×灯2mol／10ⅩdicacidKalこ5．36×打之，

Ⅹa2＝5・73×山r5（180c）Ⅹw＝0・579×引㌻14（柑Oq

…－－（a）γ＝1
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山一（b）Debye・Htickei・…‥（c）experiment
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Fig．16 0xalicacid－NH3，pyrydine

Ca＝0．996×10‾1mol／1，Cbl＝0．335mol／1（NH3），Cb2＝0．432mol／1（Cs拉5N）

0ⅩalicacidKal＝5・36×Hr2，監a。＝5朋×10‾5（22・50c）Nf王。瓦bl＝1・75×Hr5（22・50c），

C5HsN Kb2＝1．38×10‾9監w＝0．832×10‾14（22．50c）
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