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HE)Z XBETHDIC01E, 2o EREITHDIE > THIEIZHE T 200, &R
ERnsntEbhns.

ot — X EBEOEY F, bFEBROI 2L —T 3 0)F, &2TH—/1—
WXV EHBHICEITTES., Tz, TALOT a7 T A0 ICITER-»
MBMN, TR LEBIIZFEBZNLRWHAERH 5.

F1 EBMANARICZ L D558 GEE)

INRAE R | E R A | R | BB S| RN & &
SRR 1T | A K 1 4 47 38 5 23 3 121
oy AT 0.8 %| 3.3 %[38.8 %[31.4 %| 4.1 %[19.0 %| 2.5 %| 100 %
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DT HAEEE LY 3. £, MASMENEZ 25121, BT DKL
FNOH A F & 2BEMIcEXHbD> TV, KBB{LYOSTE OKFnW) & LT
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o, XALSKBBEWLET.

BZE MEEREAEORBT V=051 KMWITS8C THET L% 95 TT. pHIZ
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MRS TWARIET =0 MEMBE ) TIE R, RBKET U E=T A
NH.HCOs & HNANRI VT o= (AN RET > E=172) NH.COONHs D
REMEZ> T, MG EZEHIT 220 20FEBELTTFIWN. TRORET
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B OEFOER

BR329 At o RmEERMOBEREWIEI By R ENRERD EEFENWT
D ENLZNOTTNR, ZRIEFEI LTTTN?

BEZE ZToXl iR liF3gmEITIEZONEEAL. KOOI, BTETHLETET
Ly vy Ry ERNTEHNERWET. I, KETFTTEVYYy R EIXITEEH
. T2, EEATASCHEEAZTTLYry R EIXTEEEAL. 2L EK
NPT HERH Y ET. LEN-T, YR ENR S T 5K 7 A
HHEEWET. REEEAOEEREVIEI RV Yy R ERTEDHLENVTDH
HELED, REEREIVLHENVWEZALNERL TWARWZDEEEWET.
Fo0X, TIROEBHMEAN T EARKBRDOE TR LN TWVWDLDOT, kEREELD
LIEWE ZANFERTE R (BEMNDAELEN) ZEvE20NET. &5
W2, VEANZBRE « WEBFNPBEV RSN TEELEZDT, EAIDO X — —08l
Lo TEHEEN TV D AmEHEAOEESCRESEY EEVWET. iz, i
TEIREBEREND LB TVWAEEENWET. LER- T, RmiEEHOE L
P TEZDZDOITETWVEENET.

DY RUENTE AT R EIEEA N K OKIBK) OXEEHDEZETEES
OPFLEEWET. RHEEELIVLENE AT, EHOEENEINT I8
NTAKBROEHFEINMETFTLTWDIDEAY LEWET. 2k, Enfuvwy v
RUOEEED DI, HEAOMEZERMLT, VYAV EOBREEZ K& Lz
0, BROKMEZEMEEZY, ELLANKRET IO EHED T RNLEREZ
5T FMICoOVTIE, BIZEFREOBF—LA_R—T% TE F &L,

http://www.live-science.com/honkan/jissen/shabon.html
http://www.tv-osaka.co.jp/ip4/qto/gimon/butsuri/1182291_1277.html
http://www.takasaki.ed.jp/bukatu/kagaku/kagaku7.htm
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ik A A 2420, SHIZEALDFMLETOT, ZOGEITITMAKSHED
BRENINOLGAE LIV BERELS RV ET. LEN-T, 59 - BB EOHE O KA
WIXIEE 2R L E9.

i F1 ( CHsCOOH ) + ( NHs + H-0 ) — CHsCO0 + NH." + H:0
VR fi# CHsCOONHs — CH3CO00  + NH.'

K4y f# CHaC00~ + H-0 & CHsCOOH + OH™

A5y f# NHs™ + H.0 2 NHs + Hs0"  (Hs0" (X HT &[F—)
FFT HY + OH — H.0  (IZIEF4E)

HE D K ERWE DI S5 iR & pHO BIFRSE 12 > W TILE RT299, 296, 237, 174, 75%
DOEEL TR ZE .

SIS S S S SHIBE AT Gl gL

H R

&E: BHR XF HEF : 200666058098 O00RF294321%)

V=T LN AR FBERINL ETHN, TORISITOWTHZTF I,
MOKRKIZEDELLTO XS eISHE PN TWE L.
C) H:0 + CO: — H:2C0s
@ H:CO0s + 2NaOH — Na:CO0s + 2H.0 + F&ZX
® Na:00s + Ca(0OH): — CaC0Os + 2NaOH
728, H2C0s1ECa(OH) 2 & I E T NaOHE ST HDTL & 952 =00E D NaOHD B
STEIEFEIPVVDNDOTLEIDN?2FE, QOIS TIFEITEAEAINTRVDOTL &
52

ZH: FH = HEF : 200666058178 1985205 00F>
e I S

BR349 YV —HF T A LN _BILIRFBERINLEF TN, TORIRICOWTHZ CTTF
SW., MORICEDELUTOL I BN ENPNLTWNE L.

C) H:0 + CO: — H:2C0s
@ H:2C03 + 2NaOH — Na:C03 + 2H:0 + 3&#A
C) Na:C0s + Ca(OH): — CaCOs + 2NaOH

724, H:C050%Ca(OH) 2 & M 3T NaOHE IR T A D TL & 9520 Y NaOHN B
STEIEIDRNNDNDTLE Y MN?2 E72, OO TITEUIEAINLTRWVWDTL &
5 ?

mEZE Y—&7 4L (Ca0f92%, NaOHFI8%) Xk D FEATH v, sl FEM TK
E LR FEAEWIL L FF. Ca0CCa (OH) « BAKICE T #EVW o ¢, HdiXEE D E
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FTHEMATL2LEEBVWET. L2508, KOLQDORISITAKBNRVFET D &
ZRL, SHICHBTHLIRBBBELD Y =X T4 LERIKICHFET DI L%
HLTWETOT, ZhAb0IERITHFEFVEHTEEEAL. KO~QD IR
MRV LS, FEALRABICEZSZLEAVWEY. 22T, KOLQORBEAED
Lo RKORKLEERORISKDIZ S 2y, K @EGZE BuvnE.

CO.(g) + 2NaOH * xH20(s) — Na:2C0s « (x+1)H20(s)

V—=H T4 LFAKHEIN (FE) LEITOT, EOXTIEIWINI7ZKHANaOHD
KD —EHIZR > TWABERELTWET. VY—F T4 LNBEIZZLEDKER
IRL TN L CndebiE, kokraRickhs e BEnEd.

CO=(g) + 20H (aq) — CO0:2 (aq) + H:0 (KFn/AK2 BB > THHINS
NE D DIIA T

V=R T4 LDERDIFCAOTT DT, 2NN KRe i fbiRFE L EERIGT S Al
EEbEWERWET, =720, R EMEIINaOHIZ X5 & B F T,

C0.(g) + Ca0(s) — CaCOs:(s)

F720% C02(g) + Ca(OH)- » xH-0(s) — CaCOs(s) + (x+1)H-0
xH20(g) + Ca0(s) — Ca(OH): + (x~1)H20(s) (K DWLIL)

V=T A LANBEIZHEIRL TV A7 61X, ROXOAEMELH DL LB NET.
C02(g) + 20H (aq) — COs* (aq) + H20 (?)

C0s° (aq) + Ca®"(aq) — CaCO0s(s) + aq (KF/KDHH)

FORTCO N IC0H & ST 2B H X, Ca(OH) e D AKIZ T DI RN /NE W
&, X BHIT, NaOHIZ L 2 shtE JEt: COH RN E CTHEMET H DT, Ca* DEE N F
TET/INEL o TWAET-DTT.

RONERKIS DD, KBEEFPORIE2ONENTHY THA. &6, Lk
T L L2, KOO EBVIZKIENEZDZNEI b I by THA.
L7=RoT, BIETIZERNLFVHD EHADOT, ROOKILEAIZHOWTIZD
HpCTHRXTLZEW,

B ERFHE F MR EF G5
=H  FE

&l <0 HEF: 200686058128 19852959 28%

B 7 75z 1g@7k§§75_)]\2@(27c (CPRD L2 datm(E) 2R LT, ZOREG
DIKFEZE RV T, z%émﬂi% Z1g ANTI2TCIZT 5 &, WRIT=A L L CO0. 14
atmz R, L7, ZOWHE iﬁ“(?‘ﬁ>‘>$&z‘(<téb\

ZH : FH = HE : 20066058188 01455007
=T

B350 HoHEHIC 1g@ﬁ%%ﬂhfmc RO L2 datn(KJE) LT, 2
DR DKFZEEFRNT, 2@5{&{2!:% Z1g ANTI2TCIZT 5 &, IKIT=x L L
TO. ldatmz r L7z, ZOWEIZIMTI N2 HZ2 T EE 0.

BE ZOEMIIZERAHY AL, £, ZOWEITMIDLNLZRNEN
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DDNIEMNL LILEREA.
KFEOTFT =2 HBKEORESTBERNICTRAT L L, BEOERBVNBKRED %
7.

V=nRT/P= (1g/2g mol ') X (0.08205L atm mol ' K ') X (300K) (2. 4atm)
=5.13L

FERIZ, HLWEMWEOT =2 2 BRI EOREBHTRIUURAT D L, HDHEIE
MEOWEEnNKREY £7.

n=PV/RT= (0. 14atm) X (5. 13L) / (0. 08205L atm mol ' K ') (400K)
=0.0219mol

LT T, bdEEMEOENVE R (/1 &8) M
M= 1g,/0.0219mol=45.7g/mol

EVE BN 45~46g mol ' T, I LHLICHIRTHIETHOLIMEIZTERDY T30
T, EMAREV EFHA. IR EDWEZ12TCETMEAL TCWETDOT, bl
BEMEN E WD XX B2 (HCOOH, E/LVE E46g mol ', #hA101°C) 72 EEWET. &
WZAREEERA B VWDIZ % ) — (= F LT b3 — b, CHsCH:0H, & /IL'H&E46g
mol™ ', WA78C) TT. FoM, T T /LT b K (CH:CHO, £ /L& &HE44g
mol ', WEAE21C) R=F /L7 I > (CHsCH2NH:, FE/L'E &E45g mol ', #hA17C)
HAIWCERLIZORLAREENRFE  TWET. EEMICLHEI0E LILEE AN,
TRV EFRA. BIZTTHSTEXLT, HMBLTFEW.

45 T K T 5 D B S
S

ZE: &h HEF : 200666058138 1085519 51%

HAHEDOFERE L CLAR— MIEIET L OHEL7ZNaOHDO BIZEENH D D
FRENCHOVWTELEZES LIRS ELL., BENTLIHEBLRDNY F
A, BxTWEETEELN?

ZHI: FH =X A& : 20068205 188 19B§55400%)
btk

BR351 TREEOERZ L TCLA— M, £ L O E L 7=NaOHD £ I27E 7
NHDHDOERENCONWTERZLZELL LHICHERRSINELE., BENTLHIHAEAMN
O FEFHAL. B2 TCWEETETALN?

BZE EBRAZOFKEIZIACEHLS b OTIEIHY FHA. EBRLEAAN —FREL
B oTWAETTENLTT. BT AICERIIFTTILOTIELY EHA.
T (RBELA2WVWEDICHEEL, X<EZX2T) ¥2b0TT. EEDORKIZFILD
X222 H0ET. ZNOEMNFERFIC, BHCKAEG > TREDRRF L 2o
TWET. XL, BEORXIIICEETIREITENENE -S> TWVET.
OF—NEXy h, Ealyv b, RECVEDFEHALEBARENL TV, i
cHFEWETICEOEEERHT AL, ABBKROBEESEZLEZD, WEIZXIE
RV T ERRIEENENR 272D L THEZEDOFNE 2D £9°.
OARTZZRaRa=re—n—nNHh T\, s FIcEzoEEFEHATS
E, REBROBENEZLL CTEREDORIA L 20 5.

OF—ntxXy b, Ealby b, RECECVCFEOMHEHLEZEDNKTIHENL TN
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KXHENETICZEOFEEFEHAT L, REBROBENED L CREDOFRK ERD
F9. KTEALTWTHMERVWDX, a=h b —h—EL ARXAT T RAaTT.
OFR—=1NEXy hOEWwWMARITTCWE, ToEFEHEHAT L, REBEKD S &
DI L CRREDORK 2D £7.

OR—1NELy hOEMICABARE N E > TV BIRAH 2 #EYICiTbn e,
HEHERO T WMENES DWW TEEDRA L 2D 5.

Ot =l vy hOEEHSLa Yy 7 DFDEREZRITHEN R o> 1=, T &I
MOBZELINE T D E, MEMENRKREWHFICTNTREDORN 22V £3. B2
v ORI ZKENBEEL CHEEDKEN L Y 9.

Ot aly MIERZMAELEZHRICE— 24T OEENTZ. Balby hEno—
FOBRBICAE L TN 2N E PN CE T, MERNTH A KED
MENEWVWERZORRK &2 £7.

OMEDPEETIH~EBEANLTEL, BEENA KW FIZFHL CEEDERK &
R0 ET. KRAMITTHEHEE2 Ly POERICERSELT, Fhra=hlrEe—%h
—OWNEBEICESETH I THOLERNDHY £9.
OMEMELIZRICE 2Ly POERICRBBROKFEMN T W TWE, BEaly
FOBKY e LI L TIE, ZORBIZTICELZRELEFELCICARY £5
DTHREDRERRE 72D £79.

OF=2lby hoHBEKY ZFHT X, BOomIzKkmERAEUEIIWZ Lo T2. B
DESICEoTHEMENMIESSETEEDORFNE 20D £,

Otaly hOBBEYIZENNEL, THRRELLIRoTWET. HEAZIC/KE
DA EZFirE &, MEVWLTCTIFPOROD EMEMPHMLIIELDEHREDRNK
ERDFET. EEZAENLHEATH It AMEZDZERH D FT.
OMEHRICa=INE—DT—NOFEHMEREZM LI N ITALELED, FERER
DACTROH L. F7001%, 2 =h A bE—h—0NEE EJFI2IERER O E N FF
HLEEET, #FliSnehrolc. WMEMEBN/NIWHIZTNTEREDORK & 2D
* 9.
Oa=ANE—HI—OHNELFICE2Ly "L FLEHERO I FE L
EFET, FREN Lo MEMEPRKENWHIZT N TREORKE 2D £7.
OMTEKREFEWMEREZMEZT, Ealy b, F—AEXRy hRORELELOFT
AR PNIRE ST LE-T. REBKROBENENLLETOTREDIKIE & 722
D E£9.

OFoftlc, RIEODEEZIND EXICHMERARIEZTZ. ARXAT T AT
TEXWHICES L. ART T RAIIHAKEAND & ZITEREL—N"— L.
HEAI AL

PLl, ZEAENRILKEBT2BEZDORRNZLTFE L. BITTHSD TEZXL TR
UYL

B R R R R
A K

ZHl AR HEF: 200666058 148 18EF58455%)

REEEA TH LT =y, hF Ay, /=42 TIHEME I B ERE (eme) 2 B
725 DX 72 ENHZ TS0,

ZHI: FH =X A& : 20068205 188 238§254300%)
SR EEL AR
BRE3%2 HmiEHA o277 =4y, IFF, J=F L TEHERI BLVRE
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(CMC) N E 72 B DX 72 H 2 T 72 & 0.

2 ERXHoOEENME->TWET. FEHE) FELIZER ©F. 2o
B CIIEERFATT. MEICL-oCTETEMENRLRL L LEETT. B
MDA AR FORETHERPICET TWLNLRRICR- T, £Hb (&
Mb) L2 g Ty, T=Fy, AFAEy, J=F T EITHERAIBARENR
ChiFTiEdbvEa. #lziE, 74 HEREEEFIZZEAFELET. FL
T, TNOHLDOBRIVIVEETIE TR TWET. I F AU MEREIFEEASC
=F UMEREIEEATHRETT.

855 5K 2 B S B O
L

BE B BF HEr : 200666058168 10Bf16455%)
BRI OY Vit T KEDIAL LT ACAKFIHE NI DITHADOTL £ H 0

ZH:FH = HE : 200666058198 O00Bs154300F7)

g i kR

BR353 BRI o) VB KEDINALLTRNIKRIMENYDITHBDTL &
DIVIR

BZEZ VUV _KEINLTLTEKRYE KO THIKSIN TS LS T
T MOV TIHREESEH O XA SR TFTRDOE—LX—=U 2 B8 F I,

http://www3.kanto.co.jp/catalog/Csearch.aspx
http://www.siyaku.com/
BERTHE PR A EEE

=

HOSE

ZE: IUAFE BEF : 20066058168 19855753 46%)

BT 2ERM 2042, BEZHESH T IETEWVWTT.

AL — RS T IH], =21 —21ix ldeltaH(deltalX ¥ VU ¥ ¥ K
XF)) ThY, REEOEANESLAICIE, TOBEEL TR FIL,
[deltaH| IZZDOWREENICET I EMAWE FHXFE2HRERT2LEGFLE
T. LL, TOREONOLERD E, SEEPELRET L, HETHLHA
FETCYH, MRESk4) + o2 —) ¢ FET. WEZ X LE—, BES
TUANE—, i X Ve —, AR XL —%TT. —F, {LEE
Biix, ToofbZEEDO > Z e —2biddeltalx TH D) LW I ERHL
HYET. FIZIE, WHEICBWTL, WEOREIC TRigEE)] o= X LE—»N TE
b1 +50TTne, RE L ZLE—L] Tl EI>DTt. ¥
[deltal] ZHIZ T Z b —] LSRR >2TLESTZOTL & 9 .
TR, AL —DRELT, = FE E—, GibbsT XA X — DK INEED
FlhEazRTEBICLALNLET.

WEEWVWIBRBENMIRED B 2RI b XA THOLEW
IFFHbWHoLWETY, 22— 1IH ETHLIREBETTOT, WEL
WORBEIZHE) 2 RX VX —INXERBTHAHBE L LCL, TREZ L Z 1Y
— ] WO R, BBICIEMES TWA2OTIEHARWAEE Y DT, BHEWND
TL X 9D
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REENELT DB, Tdeltall) 2 Tm o 2 v —2&1k) TiER<, Hic Iz
VENLE—] EMESHABINS D DX, ETL X DD

I EAENEMTIEI RO T, ERRICOWTEBHBAARZLTWVDIND
ANEEALR, BHOBWMEREICEEL CEERMICE-TBY L. JH
BEHTNWEEEICFLET. MEeE LS BEVHEL BT F 9.

ZHI: FH =X A& : 200682058 218 00B§504>00%)
AT & HR

B354 HEICHE T EM 0TI, BEXHEHB CENIEHEWTT.
TN E— X5 T IH], =21 —21bix deltaH(deltalZF VU ¥ ¥ K
XF)) ThY, REEOEANESLGAICIE, TOREEL TR FIL,
fdeltal] ([ZZ DORELICET D LS WVII TR T2 T 2L HFLE
T. LL, TOREORUL DL, FEERELZRET L, EWETHLHA
ETH, MRELSLL) + T2 —) R 0ET. WEL X LE—, BES
TUHANE—, MR 2 —, AR XAV E—FTT. —JF, {bFE
Biix, ToofbZEIED e —2biddeltalx TH D) LW I ERHL
HYET. FIZIE, WHEICBWTL, WEOREIC TRiEE ) o= X LE—»N TX
b1 +50TTne, REZLE—L] TRV EE>SDTT. ¥
fdeltal] ZHiZ [ Z A E—] LMESEIIZR-TLESTZZOTL X H 0
TR, AL —DRELT, = FE E—, GibbsT XA X — DK IREED
FlhEazRTEBICLALNLET.
WEEWVWIBRBERNPRED B 22T b XL - THOSEWD
FbhbnboLleWETR, 2o XA —IH EFTHLREETTDOT, BHE LW
IRBEICHE) =X VX —INXERBLTHHGEE LTI, TREZ XL E— |
EWV O RBIL, FHEICIEBMES TWADTIEERWNEEIYOTTR, MEWTL
X 9 D,

REEDN LT HERIZ, TdeltaH] 2 T 2L E—214k] TiEe<, Hig ITx
VELE—] EMESHBNSHDOE, ETL X DD
FIIWEALENFEMN TR VWD T, EZICOWTEBHMEAREL TSN
MNETEAR, BEOBWMEREICEEL CEERMICE-TEBY ELE. JH
BETETNWITERITHFLCET. M2EELIBEWVWHEL BT E9.

B% = %)Lt —, = et —, GibbsHH = R /L X —5% 135t &0 E T
FHEA. HIETEHDIE, TNOLOEAEL T TYT. LEN-T ITAH] 2 T
AL —2] LREIESN, HiIc [mo XA —] CEFIN, PLLTCHHE
DEMZEZKLCEFA. EHEHOLRICHEEZELTWVWSEEVWEST. =2y
—LRPETET, bobkHiE 18 (EREBRIZBITDL= 2LV E—%1L)
IZOWTIE, T TEFE ) X TSE 2 LR, TWEBRZE( ) ° TG
AL HEMESANTIFEAEN RV ERWES. BB, BIRLOH D4
THEWENLTWDED, ) TR CEMEZEZEZ DD OENEAS D & B WET.

i B R BCH B AR
AHEE

BH TR HEF : 200686058178 1585084 50%)

WL ERE Y — &% (NaCl0) & FilE (H2S04) DIRAIC L W IEZH AN ET A5
Kt N2z TFEW.
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ZH: FH = HEF: 200666058218 1785259 00%)
TR kR

BRI355 M EME Y — & (NaCl0) & il (H2S04) DIRE I KL W HEFE T AN ET
DALFEROGE N Z B A TF S0,

BZE FOLHo)RMISTIFEALEZLRNWE B WET, RlliEHERE & IEER
FRBATAHEMENEAETLILEbLALTVWET. BRI LV k#iEERLE4E L,
ETNDKPTCARLZETHOBTDHLEDOEEZLLNET.

2HC10 — 2HCI1 + 0.7 ,  3HCI0 — 2HCL + HC10s
B, MBREBRAGLIELBICIERZEET LI LSO TR T.
HCIO + H® + C1~ — Cl:T + H:0

855 5 K 2 B S B I
EH K

ZH - EAXFE HEF : 200680585 188 1685405 35%

THAIZHBIZ. KBREESTWVWDHIATTR, ZO2O0DRKETHERA. £
HMBETEORVWATT. 1 ODIX1IMOMEENY U7 AKEKE S Dz, THEHE
MR BEDN8. Tg/100g72 O THAR DK TIXEEME T 72, 0. IMTIT 2ARME LR > T2 D
2. 590D, 0.MOEY ITF U7 v E= U LAKKRIKE DL DWW, Zh
HIRMEEE 234, 3g/LI D TR WA TE. 9 LE6W0WnTL X 9. iEgE
TR T EN BRI ST TR NN T T . ol ZoEEITEMH T
MPHEZTLTEEW,

ZH: FH = B : 200642058 228 2085454500
PHEE KK

BR356 KBEWRZIES TWDHATTN, ZT0 20D TMERE. AT
XHRVWATT. 1 ODITIMOMEENY U LAKEKZ DL D T2, TH ML DN
8.7g/100g72 D TH AR DO IK TIT AT 72, 0. IMTIZERARBER N> T2DIT. b
HSOEDE, 0.BMODEY TF VT VB AKEBKRE S D20, b IR
FENA. 3g/L72 D TREITRWVWATT. EH95L7E26W0WNWTLX >N, MEENT UF
ST ENEBEEICHE S TR VW TT ., ol ZCORBITEHETTN? H X
TLEEW,

EZE V7T UVBT7 T LADOEMEITE > TWET . AR ATIX
4.4g//K100gl272 > CUWVE LT,

WMBE EZWMEL BT it iAo BELY LR S @A g
FENRRKRELL 2D FFN0N, ERTHEZORENFIR (BIR) 2B 251221 T
HBOFHLTLENET. MR (B 7 2 =7/K (5L ZHEEICHE S
FIETTN, FEOKERE T, EEEEB I OA A vBER LD > TLEN,
FREMBICRELSEESTLZLEVET. &5, 2NHOBETHLEHE T N
ERWEST. DL, BERXHORENRLAESHELRLIE, Toafifld 52 Lk
RAHE T .

KEEIC, EBRTDHEZITWVODPOKBREZIRET D2HE1/H 0 3. 4l 21X,
MBEADKEKKR, MEBOKKIK, MECOKKK Y1 :1: ITIRETHIHEE, £
NOHORBEIXRGRIOL/3ICHRINET. LrL, WEA, WEB, WEC %I
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CASGTTEICE»EE, REI&ENNHL/3TRVWI LICRVET. BELT
BB (IS L2RW) R2olE, ZOHFEPHMATELIN LLETA.

B BORFHCH A ER 20E

Pl =S

ZH - EAXFE HEF : 200666058228 2185095 07%)

FHIA, BERELHOVNRLEIZTESNELE., CoFV Z0OBEZELDOIIARA
BECThA. FoLtLELE. EoLARMELTCWVWIEZATLEY. EBRTIZEDL
HDHEMEE THEWVE LERBER >0 TKRENL S F 95 LET. KU 2K
MZEZEI29bHONEI TS NnELE. M2V ELEOKDTEMLEZWE
BouyE .

PLHEE

ZH :NE B HE : 20066E058 198 2085425 12%)

THAIEHBIEF. HAR—F—DROOIL, ZEXOENDEEWVWEEHASIEZL o T,
STEAMRBES AL EFRICRAET. Y, 20X 0EAERHLDOTL X9
> ?

ZB:BF@E = HEF : 20064058258 1185554 00%)
g B OER

BR3KT HAR—FT—DORDOMAIL, BEIOENDVRENVWEEBSIEZL o T, B4
MRBES A L HFOICARZET. I, 20660 BARHADOTL L H0n°

B%Z HTAR—F—OBRBTADORKDIIAZ Y (RKHZ) L7 as (LPHR)
LORICKFZBIELEERNET., o2 me2REIED &, RIGKFBIZEROEF N
LEONEETZEYTT. Mz ) —L (X ) — L X% ) —LDOERL
2:1OREY) ZRST T A= LT 07 TYH, RRICKRILKZERDOET @ OR
W2 HEH T,

BROBEN VIR CTRERRIET 2, E 1%, RAUNTERE ORI KT DB fiE L
T, RIGKBVKBIR 25200 ND5F 5 TT. RONIDIE D ITBEFERE 72
DTRFEM (RAR) NWERKL, ZANEIRICIEA S TSI XV &6 < Rt
T5HFHTT (HE). a—Y I REONVEK (FBR) 220 FRETT. b
DRIWIZHTAREENIST L, AANRMELTELIRDVEDOT, Tk xR
DAEREZHERTEET. AR LIZARIL, KERBICEHBRIBELHEASLBREL CWE E
T, B, RVPKXREARET 2L LMLV HEAIRET D EENET.

5 K T 5 O B S
L

BHI: Mk 2 A& : 200682058278 19B%134318%)
HLWIBHZL N E Y T3V ET. IKHEBESL e TEELE.

ZH: DAL PIEE HEr : 200666058218 158548442%)
DLRICBRDEN S -T-OTHBLEST. L 2ATo— & E\AEREZ S DY
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b0 EWVWHEME L THEIT L MBI T 520 TT 2?2 i b
HRBEWL £ 7.

ZHE: FA = HEF : 20068058258 1985354 00F)
RAbRYE R

BR38 D LRI 2ERHH-TOTEMLET. 2V ATr— /L L WAKEEE %
EbEELLOEEWVWEME L THEIT D EMIZZT 20 TT N2 LTk
ROt b BREW L £ 7.

@ MmAEERE (R-CO-0-CO-R) =L AFum—/L (F/La—/LR -0H) »bH=x &
7L (R-CO0-0-R’) &L el (R-COOH) 2n4pk+ 5 & HuvF 7.
R-CO-0-CO-R + R’-OH — R-CO-0-R’ + R-COOH
ERFHF 75 B R 205 ok B
FH

1J<_
=l *

ZH: DAL PIEE HE : 200666058258 2185204 31%
b EFL7E. §o0RIEK2THEDOT. HOREHI T NVET!

LU FAFEPHNY HEr: 20066058218 2354645128
3.0% DIBMBILKFZOBEEENEFEOM X T2 H 42 TTF I,

ZHI: FA = HEF : 20064£058 258 2085304 00F)
F27EPND EE
BRI359 3. 0% DB KEOEEETNVEEOME 22 TTF I,

BE2Z WL AKEKRKOEE%NEEEZCe=23.0% BEEZD=1.0g/mL GI{Ll), @EL
KFEH0.DFI)VE B AM=234.02g/mol & L E 3. AFEV=1000mL (L&) Oi@EE1L
mﬁm’aihéﬁMmmfw T8V WE Enld

Wa = VDCw, 100 = 1000mL X 1.0g/mLX3.0,100 = 30g

n = Wa/M = 30g,34.02g/mol = 0.88mol
RFEV=1000mL D W FR LK FIKIZH ENDEEHOKOE EWs X

Ws = VD(100-Cw) /100 = VD—WA=1000mLX 1.0g/mL—30g =970g=0.97kg
L7eh - T, it /KFEKDE &E VIR ECHT

Cu = n/ Ws = 0.88mol,70.97kg = 0.91mol/kg

PLEDO XS, BENRBEVWO TEEEID=1.0g/nLEEHlTEx 5L EBNWEST. £7-,
KEITEEETNLVRECCDORDS T « DRICEENTWVWAE O REICKHE THEZ
FTOT, HBEICHLEOERWEAFEHA L TELXZHY THA.

B ERFHE F MR EF 8
=HOHE
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BE: FAFEEHPMNY BEF : 20066606 H09H 23FF194359%
¥ FE A
BEEESBZVBALRISVWETA. BICLWH, REZTEICEZE L CTHEXH
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ZH: FH = B : 20066£07H02H 1485504 00F)
OHig s & R

BHR9383 JEEFR12mol /LA K TAHAR L T4 mol /LIEREE3ONLIED & X, B L K%
L DIRAT I NN 2 EERE 12mol /LA 2 mol /LGS TAR L T 6 mol /LG R
50mLIES & X R L 2mol /LB Z Ml TSRS THIZV W2 20 X 5 &K
ZLTCIHWREED EE0FEOHLT, B2 H2H 2T ESW ! BEWLET.

Bl2Z 4.00mol/LYEEE30. OmLZ FH B9 212 1%, 12. Imol/LIEMEEE9. 92mL % /K TN
L CHREBREREZ230.0mLIc LET (F7201%, K20.2nL THIR L E ). KIT, B
YRR DO ERE 812, 0Omol/LH X 9 FOLEAITIL, IEBHEEE10. 0mL A2 K TAHAR L THREH
R E30.0mLIZ LET (B X ) ESHICHN) . FEMICOVTIE, RO B — A
—VOWWRDOIEY I (REHE LA GIE) 228 T3V, HEFE, R HE,
HEFHRERMHALTHVET. A ¥ —Fy M ETHET LI Z L b A[fETT
L, HALHEDO ey I 22Xy — KT 52 L A[AETT.

B 12mol/LE 2mol /LB 2 1BEE L C 6 mol /LYEER50nL % /E 5 1F T4 2%, %@
LZARBELZHEIITETA. AR - ARICEIAEE - BEEOELEZEL
L THEDLDEWVIENLVREDORRKDOAY v hZ2FZLTWET. MO7ZDIZE LR
FEEE S TWLEDONEL SN FHA. ZNEEITTHITIE, 3ODHEBOEE
CBEERN, BHELHEAEZITOXLERND Y, BB O®EEL T3, K2, 12mol/LE
2mol/LOEREOEENIEL W EIXBEY ¥ A. BERIZEAE OB KRR T
HY, oz 12mol/LICFARIL THH DT TIEHY FHA. 2mol/LOERE L
Wi, BEBEAAY X =TI 6 FICARL TR LET. —ERH
L7 2mol/LEe 2 L CRHE T 2T TT D, BENES AN (RE) 2
2MFIC 0 ET. FHITOIHREZEOENTHEREINDAEHEMED 212780 5.
WX EMi 2L CEb TXADOT, BEBREZKTHRL TS XX TT.
6 mol/L¥EME50mLZ FHEL 4 A 121F, 12. Imol/LIEYEEE24. 8mL% K TAIN L TR &Y
RRFEAZSOMLIZ LET (F7201F, K25.5mLTHR L FT). KIT, EHEEEO &N
12.0mol/LH X 9 EOEEITIE, EEEE25. onLZ2 K THR L THREW 2 IKHE %2
50.0mLiIC LET (b x o E2MFICHR).

R AT 2 RERORE, BE, Kz E£nC,=12. Imol/L, D=
1.183g/mL, V.(mL) & L ¥ 3. FEEIC, 2mol/LOMEEEDEE, %E, KExENH
FiC.=2.00mol/L, Do=1.032g/mL, Vo(mL) & LET. X612, 6mol/LOKEERD
B, EE, A ZENhFNC:=6.00mol/L, Da=1.096g/mL, V:=50.0mL& L %
TIPS L TV A EAALKREZEOWE B (mol) PRI L OE R KA O E &
(RGFHILEDY, O2o0X N ELN, 260X EHEN I ETHETIE, V. &
VedRFE VY £ 7.

CiVi+CeVoe=CsVs BT ViDi+VeDo=V:Ds
Vi=Vs(DsC>—D2Cs),/ (D:1C2—D=2C1), Va=Vs(D:iCs—DsC1)/ (D:iC2—D2C1)
%X, THRTHEL, MRULTAHETFIW.
SR SN S S S SHIBE AT Gl gL
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SES

T

2 A HEF BHEr: 200666078028 11B§15459%)

pHI1 D KIEHE DKL A F LV BEITW 502 L WIHI-ENH 5 D TT 3,
FREN6.8X10(-113E) Lo T WELERN, EHOLTIOMEIZRDNbNL
WODOT, 2z TFEW., TALSBBEWL 7.

ZH: FH = B : 20066£07H02H 16850043 00F)
TR HBE R

B384 pHIIDO KB D KB A T EEIZWNS EM2 VW MENH LD T
T, EENG6.8X 10 "' ERoTWELEDR, YO LTZOMEIZRDINbLND
VWD T, BHZTFEW., LALLBHWL £

mEZE MEEMER TN TS ERWET., BIEXHAELWE T, &S WS
DEZE % CWEF AN, pHIIDKIER D KFZA F RE KB A 4 B
TFENFREXRDO X STy 9.

[H'] = 10 *" = 1.0X10 "' mol/L
[OH] = Kw,/[H'] = 1.0X10 '"*/1.0X10"'" = 1.0X10 ? mol/L
HRIT OKBEACDA & IRENDPHEZ W H T 5L RO L IR 7.
pH = -logio[H"] -logio (Kw,/[OH ]) = 144 1logio[OH ]
= 14+10g106.8X10 '" = 3.83

CRBEMOEETH Y, P16 pICEL SIS TVET. RISV TIE, B
ZIF 316, 195, 9% DRIE LB E L L TCIE F X,

5 K ST 5 T

%

ZH: PHEBEE HEF : 20066£07H 028 1685245 358

FTSIKEIZELTWELEE, AYZHNEHS>T3nELE. HEMIEL AR
LA, HELEEOTNES Y EHAT UL, BEEORENMES TV K
5T

2 TTNE Ny == IR - o B : 20066075068 14E539559%

TEBSIDEE” IR NT, MEHVNE S TIWVWELE., —OBEM TR,
DRI Z ATV EZR/RLIEINZH LTSV,

ZHI: FH =X A& : 20068£07H07H 2285554 00%)
(/A SR T - -

BR385 "EHM3BIOMEE" [ZBWT, MZEHYVNE S TSWVELE. —DOHMT
T, RIS ZATAVZRHLIHMEHA T IZS 0.

BZ& HARUEE (F : BEEE) RCOOHE 7 /L= — LR’ OH)» 6 = A 5 JLRCOOR™ & /K
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H20723 T & 2 SISO T
RCOOH + R’OH & RCOOR™ + H:0

INEE FIF51 2B FEE, IVRCVBETLVa—1LO EH LA BENCNZ
THEHERoOEDEBEVWET. INRKE2 LTS5 20HDHEE, AR CEBBONRD
DT H VAR CEREALY (BEA{LT 2 /L) RCOCLo LR v B EE K Yy (]« K WERR)
RCOOCORZ W CHERI W I TH KT 5 & Bk 7.

RCOC1 + R OH — RCOOR’ + HC1 ,  RCOOCOR + R’OH — RCOOR’ + RCOOH
B B RS H0R B R R A
=l R

& NFE HEF : 200686075108 0185525 06%>

25 TpH2 DKFEA AV EEIIpHIOD KFEA AV BEOMfEHN2 W) [ED
fRxJnbhry FHA. TOHEZ T I,

ZHI: FH =X A& : 20068£07H 108 23850043 00F)
NEPIR OB

B386 25 C CpH2 ODKFA A EEIIpHIOD KEZBEA A BEOMfEN?2 L9
IO T Nbry A, ¥O#Hz T 7Z I,

BZE KEBEAAVEEH]EpHO BEfRIZRATEE £ 7.
pH = -logio[H"] &2 [H'] = 10 *"

L7=MNo>T, pH2 DKRFZBA TV EEELpHIOOKFZBEA AV EEOKIZIHR D X 951
AU/

10727107 = 10° = 118f%

IKFEA T ERELpHICE L TIX, 4 1XER384, 316, 225, 195, 95%E DA ¢
TET I,

95 7 S 5 D
EEE

ZE: BF —E BEF : 20066£07H07H 128%48412%)

Ay XD OMAEFELZ L TWETE, (EFOMEALEY RO TERAL
FT. BE, RIRNEHTA Yy XFRERPOMB=y 7 VEZHELTWETH, £
DS, =y I NVERER THREL T TRMEIL, R4 47792 R CTCWETH, 20
BEITZEDLIICEHLTWADON#H 2 TLEEWN

ZE: FH E HE: 200666075 08H 0081043 00%>
me i &

B387T A v FEDOH/HOMLHFELZL TCWVWETH ALZOMERDEY VDO TE
FRLET. BE, FHIAWLEHF Ay FRFPOMB=y 7 VZHEL TWET
N, ZORE, = X VERR CTHREL CCTRHMEIS, 254, 4779% F U T\ £ 423,
:@%ﬁﬁgwio’”mbfmé@ﬂﬁzf<téw
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BZE EBRHFEDRELEINTOVERADT, FoX VLI TN EHA
N, BEVEKOLIEFLITEZEFTFA. O X HIT, AIEEENR 2 2EZ X2 61
7.

128B1F, AvyXFRFO=v T NVEENMEERDO =y 7 VRE LKL TR
WODOT, AvFREGRKE2 : TOEAETRAEL T, 4.5FICHRLEZ. L2rL,
A FRN BB WVRK RO T, BEICIVEBENED L (BENLE), EMH
(2134477965 & 72 o 72 (RREIAD 2R0.5%) . R I X D2 EMITARE T ebb
BETHHNTEET. LT, MERITHREL. 47T719% F U CTHRATO = » 7 ViR
FIZRLTWD., ZOHAICE, AMEE D EREEZ LT EfREICHEL TWzZ &
R0 FET. BEMXIIR oD TT . 2L, AYRIEOMELEDL D & F
WRICHE S RFERAD R (T bbRE4.4779) DEDLV ETOT, THET HHLEN
HYFET.

2OoOBIE, FWETHIE L=y A AP OREE (g/L) %2, A v XKoo
FEH LM =y 7Sk (?2) ORE(g/LDICELTWD. ZOHEEITIE,
AvXHEFO=w T NVIREOEILEZEMR T 5720, bOAVWE=y FVIEE Y — T
RO EBEZONET. BAZORENDIEE= > 7 L RNKFMY BN EN
fHEICRD ONET. Bk, B4 47193y LSk ELVEE (K
B, OF&) 262.85g/molr=v 7 LDOENLER (JF&) 58.7g/mol THT &K
ES/ES

BIZTHDTEZLZTCTFIW., ERICEBRLTWVWDHIATRNE, ELWVWZ & (E
LWZ &) FaonrhEdi.

i B RS BCH B AR
AHE%E

& NFE HEF : 20066078118 118545 24%

T RUBEDLIENKBER OB RBETNR-1.86C & WV DTN TTR, &
A Y =X OERBERE TN ETAL. EDLTELLNDLZONHX T TIZEIN.

ZHI: FH =X A& : 20068£07H 138 1385404 00%)
NEPIE OB

Bf388 7 FoUBED Imol/ke /KRR D EEE mE F23-1.86C & WD DITHnL DT
TR, WA Y —FOERBERETRDNDEEAL. ES LN DLDNHZT
TS,

BEZE ZoERMIZESE (KBBF MY v LAORE, BE, BEESRFETOIEZRME)
DR, MAHEZVworE i cxEHA. —KIZ, WS B SOEEE SR
TP RBICHEET DI FRE (BA A4y, BAA Yy, D TOHEEKR, 51
D2ERLRY) OBEENVEEORMICEKATIEENWEST. LER-T, 1

mol/ kgD KAbF b U 7 AKIWIKDFAITIE, TR ERICEHEL TWD ERE
T B HIE, EEEAERE FIX-3.72CIch s B E .

45 T K T 5 D B S
L

2H]  IMAKE HEF : 20066075068 1285235507
ZACHIF. BETs, eRORENET TCAESEoMBEER] I2OW T
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TEITOTWET. 294, XA F v T, 2AurnNi-AE 20T 5, &
WIHZ EiZ=rv e RY UK, Y b aT A4 RIS E D amnolzd TT RN,
TD3ODRFEDORNTEND —FDMIIBBNONERTHRDIZIE, EOXH7%
EBRPAHFLBEUITLELE Y. TENIE, EBROFIEE EHIZHATTFIW., HL
< BFEWL £ .

£ZH): FH = A& : 20068£07H 208 0185404 00%)
AR AR

B389 FLiEIZS, SR OMBEMNIE T 72X BN BEE] IO\ T 21T
STWVWET., T4, XAFT T, 2AarnNiElBr20M+T5, 2\nW) 2
L= e RU U, Y T T A UKl X0l TT N, 20
SODREDRNTEND B LM NDMNBNONEFTRDI20E, EO XD RFER
NixbWYITL X920, TENIE, EBROTFIEE & ZTFEVW. HLLB
FEW L £ 9.

BEZE ZOR—L2X—VFEELTR (3BT R) OWFREETE-> TV
F9. ZOEMIIFHEGHZB L TWETOT, FEMIZOWTITAE#ELZESA
FOHEMFICEMLTCFEIY. ZOEBMEN R SELRNEEEGEATEY, &K
LAL (FEBRgeHE, EES) TP LE LYWL LNLEYA. BT, FANEH
rgizdd, WAWNWALEZTZDFXTWSLMICHEBARE-TCLENELE. EL
RoTLESTHLIR®Y TV A. MIGEBEEBELOBBZRETHAND (Koi#
FERPRMEE) on@EHEE B nEST. LTI, ERIZOWTDELFELEHERES
HAHRLICEXFET.

BN, BREAEMOX X7 EBEEROREE 1 HOERCTHEHT HEME, BER
WE1IROEBRTHEHTLIERBESEBR TR —ICTD WREEZZAZ2D) LE
DHVET. BEBRBETORBEORBEEENT YA, XA T v TN, AT
BhsrsrbLlhEHAL., 68, LR TLANESGIZL>TIE1IEOF D
MERENELR 22 LNVFEFA. ZNHE2EITLEZ), E92F250m012H
OFBEIZZY T, BWRIIERIICKEIZES T, BEREBEICRAFLTES Z2EHE
ZOLNET. WIS, BREBWOPH (FBB-I1XX) DXL, XA FT v TN, Aov
TR ERVWET. BEXKISICIEK, BEOMME I & IZKREHNAH Y 50O T,
COFEHEMT L), pHEEEKZ A L CpHZ R —I12T 508 2 > H OMBEIC
DET. IBI, BMENNIIL, BEOMBEIICKRERENDLY . HEE
FTAZDMEITHLN, 3OHOMBEIZZRY 3. £/, /(A VHREEZAHZ
HRENS LN LIVEE A, BT DI, FHERE, pH, BE, A4 UVMmEZEICX
STHRIGEHENEALLETOT, EBRTDHEEIZTHEELTFIW.

R BERREBFERKREZREAG LR 2B Ye LT, —EFM I &I
BAEWRDO—HEzIY LT, oI ERBEOWVERLITIT I VBREEOHEINE
MELET. BEOHEICHLTEZLSOMERELDLEEEWET. BEAEKEZHIY
HLULEOEBICEEMGSZFEIESE2LERH Y 3. WEICHEB 2R 220> T
AR, BERSHREIT LB 20 E T, NEL - B HIRpHZE L% D AL
BEENRGD ERNETH, WEBICEERSTH U RIERST I ) BORENE
bt (LG DOME, BRSOl « WEMKDHNIGE) LD BEWRNH
DEFA. £, ZoRX7HIZEMETLIELRSY £9 (HiZ, hEFHLT,
KIGEEIESETWL I EREZLNET). RO HECEELETOT, &
DEERAHE HFEZBRENNDASDBOMBEICAR D 9. HWT, LHEFELOEIKT
DRI EREFTEIEIT I VBRBEZSNMLET. XU XJBELET I JBO)
L, Ebonh1oE0RNE (BA) TREXH L EMERMTT. LrL, ¥
NRIBLT7IVBOMEERETHWAEEEWETOT, Ml EKIETHRIENL N

MO >

b

>
-
—
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ERWET. b2, BARESRAHEL L T E2EENN S5 >HORMBEIC 2
DET. Bz, By PRIGTIEE 2O F REANEREIZ, £ 1 @
DRBIRAFFLIEFERZIRSFZRBTCTCHERODVWTWBIEEY (MU XTF FUE)
DHENIT DHZF D5 TT (EMIZOWVWTIXEMI0EZZ ZE FEW). LR
ST, ARMOT I VB EIIBISET, KM DZ T EHEDBIET D AR
MERHVET. LoL, 2FL oI TEXE20E I NE, EBECERLEZDIT TR
HYFEFEADOTHMNY A, RIC, BOAIEIRNCH U RIEET I ) BESy
BT 2 HERBxNET. ZhiTdE 7 e~ 7727 40— (BlxiX, U b
FIVOTLCHR & BERIEBEICHE - 7% 7 —L « KDL :4: 1IRBHEE) "EZ DN
FT. TIBRIIEEHILICOBEL CBEIT O ERBWETR, ¥ T EILS T
ENREVWVOTEH L2V AL LALEREAL. BEMKTLESL, A L72#%IZ=
VE RV UVRKREEELTCRIAY—STMALET. > FELLHEECE 0L
BEOFEOENENLI EENET. LY, BEEODLEHENRLNIETRA
REHIY S T CHE L, WhRELZHET S L TEI2bLNLERA.
RTAIE, MEROAOBRISFLEFROEAOKREILAOBRIEZE TRTHET
HLMmEWERWET, B, BB/~ 777 40 —12o0nTh, EEIZER
LTI TEHY EHADT, H>FE G TELNEINETTNPDEEA. TN
Dz, EBROTFIEZEDOFEMIZOWVWTITEK LEI. vk, U 77 /L OTLCH T MR
PEEE DN B2 D ONEHHH LB NES. BB RITHEBICHKEZZE
A TCHDIMERDDERNVET. 7, A7 IV BEAEERKLTTIRIN
TWHEEWVWET. ZNHETOFEMIZHONTIE, R HFELZEELFEDR
FIZFICERM L TTF &V,

5 T K T 5 D B S
S

ZH: BRETE A& : 20068£07H 148 1785484 33%)

T (Sn)IZIFKESnE HASnA S D EHEE L. BRI D ESnHIZR - T
LESI>ZEDITTN, SnIKO@EIZTEEZNTIVWOTTIn?2 brE—x
VEANLE—IFTEBRLTLSDAEDTLE I M?

ZHI: FH =X A& : 20068£07H 218 008§254>00%)
B Rk

B390 T Sn)IciFKEASnt AaSnh b B ELE. BRICRDS EAA
SniZ7Z2 > TLEHI>IZE D TT N, JKAESnO@MSIZEIZB2ZNIEL VWO TT N =
fErE— X E— 3R LTS D5DTL L HIMN?

BlZE oAX (JKEBEAX) FHIBCTRBAX (HARAX) IZEETLHEH TT.
BAXDEFITAK232CTY . @A E AL EMICHIET 272012, mnE
WEHOBGZEWCTHIEMEZELS T572010, T@BIZEELZIEFICPH-LD &
FloSELERVWET. BBAOHELREEIZEENVET. LER->T, o AKX
RS H D FH AL (BARICIEBELTCLEVWET). L L, HEZ2HIC EH
SHENIE, BAXZEBEOLT a AAXANKKICEELILT AR HLrE Ltk
ADS, BEME - EEENRLS, A LTHRDODONNAWVWERNWEYT., = b v
—RT U HNLE—IIONTIE, a AXDOEWBE (Thbb, BB ¥ /1LE—),
BAXDRERE (B~ 2L —) FLLTHERALTWHET.

5 T K T 5 D B S
L
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ZHEI B AR B : 20066£07H 188 1382343 59%)
NU T LD 2 (B TP KR HESE)

#El: FH =X HE : 200666078238 191553 00%
H Ot R
B30T NU v AOFEILUE 2 (] 2 1T HE K FLYELL)

EZE RN TLAKOZEDOKEEAEYDKEIEAEIZ DOV TIX, WHO0. Tmg/L & 7%
ELTWDHEZEDTT. NUTAOPEKREEIZOWNTIL, AXLZEHBE TR SN F
HATLE., EHRBRICMOKTHRIND 72D, HEAKEE X RIS KE L7
DIEREIC /D EBWEST. LML, EHRAMEIZOVWTIZIZIHS THARTFE
W, B, KEREEOFEMICOWTIETITREDOR—2_X—=U 2 TE T I,

http://www.env.go.jp/chemi/prtr/archive/target_chemi/05.html

45 K T 5 D B S
L

BZHEET BEf : 20066:078 198 1085345 25%

Ul IKFT =17 L (ADP) & HiFRH O FEaEIZ DWW T T3 . ADPOD #E &b 23 U
AIERIC R D Z T2 TT N, 2T WAFRICR 2000 b 5 A.
F 72, ADPOFESL IR, MBEHOKBIEITFAICAID2DITES LTROoNE b
DEHFA. BILLLML LAEEALDL, BO#H X T EZE W,

ZH): FH = A& : 20068£07H 238 22854043 00%)
FEE & AR

B392 VU Ulg _KkFET =1L (ADP) & FREEEH O HE AL I DWW T T . ADPOD #
BNV AFERICR D Z Eidb o2 TT N, REMNMAHIRICR D DN DND
FHA. F7o, ADPOFEEITER, MBHEHOKEIIFAICAZ2DIEFEI LTRHRD
NN EFEAL. BICLWLW AL LAETEAR, TOHZ TLEE .

BEZ VU _KZBT U E=ULOMKENUARERICRDITARTRLTT. £
NAREPNTRE JRE, EH%) BV T3V F IRk bEERBEICR
AHIETHREDELERNET. TOMOSEMLE L CTEEY O S EICIZ &M
iz, A Ay, BAA R TORERETE, BAA LV EBEA LT DRE ZDE
B, MAKkoKLRE, 7—u o, 1M, KEBEENEMECEHEL T
HEBRWET. BRBEAOKEAFTOAICRZD20IE, AKMLZEE (D) A 4 NEA
AR ERNL, FRONEEZR - KH LT, TN ABOBIZAZ N
LEEREWET. dILEM OB TFHAR (B FHO0%R%) BNEBRLTWVWD &
BunwEd. ek, it (RA) 2o ToOFMITERM232, 70, 25, 15,
5, 40REEZTETFTIW. £72, TR EOFEMICOW T, M, OEEF,
B EFEOHEMFICEM L THFI V.

5 K T 5 D B S
L

18 - 59



ZH: BTEH FE HEF : 200666078198 14KF32519%)

EEKEPNHEFERNICYTCEELARAVEABE, FOTHEEHFEICLNTLD
M2BF N XA — IS HEEZE > a s ra— L LTEONn2 (T YA RT LR -
TEIZUVRMR), TV IV EBIZURTFLERESA TV ER) 2O L, ~Na b i
JRTFPER<AFT U ER)OTTN, EHLTEVHREHDIONPOHRH. WANA
HARTDTTN, D EFA. EIONPHITKLEIN. BEWLET.

ZHI: FH =X A& : 20068£07H 248 20853043 00%)
HTH £& B

B393 EEKEIHATERERICU TR ELRVERBE, Y)Y T IEEEICEN
FTLON?RF NN XN —IENHEE > ar be—L L2 (T VAT
VA «TEZY MR, TLVAVERBIZURTFEESALT U ER) RO L, e
TFUOTUR TR AL ER) 72O TTR, ES5LTEWVWAHDIONPOFHHA. W
AWNWABRRTZDTT N, 00 EFTAL. EIO0FHZTLLEZE., BEWLET.

mEZE HEAKKILZ, KBS FRREIEZEEZLRVWESTHDLIZ L, o FRICHA
ER (BIARRFRTI) B nwZ EEERELTCWET. LrL, EEXKDS
FIHEAREXES (B2 IFETERE) 2B TC0nETOT, SFREEOFLE, D
HEELL T < 2 EldcEsEdA. &6, wrRETtoZEs M (77
VTFILU =V AS) R EET. IS EMIE L ONEESMEDIRE KX
TT. KR, EAREWE S FHEOEHEEEN T 720, oMo ENKE
KB EBWET. 7, EOITL TS FRIEDNEZE L & I8 (KRR
—JEIR) LR TR ET. LERN-T, BELKBOENEZIKLST51FY, £/
WEIVBEELZELS TIET51FY, BEAKKEICEMNEET. LarL, BN
R TEITHNIEEFECLNLTLSDON?2] TLE., ZO0EMIZE<<ERND D
T, HEOMHR (BARR) CHFETIRETHBARAKTIIARL, T4 2 TEE
KETT. D2, MLbTLH2LERNHY FHAL. EEKMEOESHZ LY HEEFIZT
H1- 0761, EF - AKEICTHRIEIVWERNET. L2L, BELLTLARY
FTOTHEERELTRFEW., #HI3 512, EEXKOREFEUDBEEMNICTE L WVWE
WA Th L, BESMAEORAEF T EESE O R E R Z @ H Lzl
BT nwWEtE S L TEET.

2OHbLHEARENBNMNLLS, 2<EBMIZR~TWEFA. EFED HRF+-Hhxzx
X — ] ITABETIEIHD EHADT, BEEEZFHSOZILENTETEEAL. Lo
T, HWFE B 23 b — A d25 2Rl TEXHETHRHY FHAL.
JAF R e A A RO KNERIE, BrEEEFHORNTHRED 3. K
TR OGN (K% D) EFa2HERNRS N (7—ar51)) THl &7
TWET (JRAEZEEHEAxOEFROMSI X)), F-EFRLIIFHFERNICKIE LT
BYO, 2HLHD0HV AWV THEABORE X (JRFEREA TR BNk
FHLEENVET. TAHVERBIEIENZOEFEKRELTCEBA A 220 T 0O
T, 5F TCHNERTE 2T bONRFENARICEDLDLZ EI2LD, FEBX/NEILS 2D £9.
T, BTrEIVBEEFEN1I DN BDVETOT, BTFOIEHITRHBNVTE
T~ DEBFE2S5FETTLULEICHRLIFIEDTET. ZHICEY, SBHITERDPE
< ES. ~"aF U EERNSBRICESF LI OFZBRVIAALTEA S IR D 5. B
FHEDVDBEBAFHENL HODRKELSBRDVFETOT, BFDOIFIOINNIARARBIZRYASFET
TVl xDEBFEBZOFDHIRHELL D ET. ZNICEY, ABRNPKEL
e EF. EBILHIIE, EfELE (EFR) ORI CERR) BEESh TV b
T, Bkl EFEOEBK (RAEgENrbor —ai5l))) 2k - Tk
CUUAE L E T, AR A ERICE T IOV TTIE, B 176, 110[H]
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ZHLbITHETSW,

5 T K T 5 D B S I
L

BEI B EX A& : 20068£07H 238 128§4545 35%)

HEfe - b U U AICBEBHBR G 2 S 223 E THIEWTT ., #Hx T2
S\,

ZH: FH = HEF : 20068078258 00BF10500F)
e R

B394 FERRT bV U ACHBAHBRER I SELITEL S TAEVLTT
HATIEE .

B%Z K+ RU P 20BAHBRS Iz a/faZzHIATWAEZE S TT.
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BR428 0 F L TREKBIZEATHET. FXSHLER Wik Jdok & F
LE9.

TLUXUBEFT N D LAOMEOETEHZ THEITRWTL X 9D, T A MEWik
HEIZOULETY. BALEZOBIZRET MY UARIZOITTEREE, 0%, 4t
e W TF VRO T VX BN ESL FE TORMITEDODLS BEWTL . £27
VIR IRICT A FEZH A TWEEFITETH. E9OELISBEWLET.

BZE THROR—LX—=—VIIZBRBMAOHENFELLFH > TWVWELE. OLZTDOHA
IZoWT, BERLERTIEHYVEHAOT, B2 EDCHZLET. LL,
BERICB L TIREAOLELEHEVEDbo RV ERWVET. IR THLHEWNE N 2
~ 3fE77 L B E T,

R AKFEAKRIZ—BRIR L TREAL, KEWT 25, WEIbKFEORKEREIZ, =
H CalfT8RR I T TFEW. BEZRES LAY, EONVIXKFHEZEME CTE 5
ERWETN, RHLBALKIENEZZ2ZBNNH Y 7. ®EETST U U LAKIBK
IZ—BR L TCT AT N U LEZHHT 5. RBET N U AORERE (K
% ?) X, TEHOTRITHERIZED TTFEW. ODLEZ2MWED, BEZREL
70, EONTHMZEHE XA ERVETE, REILARMIREZT-0, KO
AN I EL WML NHY 3. AWITHOWVTIE, KRWITEK > TEY
oA, ARK, TANK—HEEALTEFIW.

COBIZRMOHEEITEALERUEEREVEST. N IFALERL, o<
D WM E Nz T &, RBT NI DLARIZLDZTADIERFRI SN S
20T, FUVIROTAXF U BPAESIZHET LI EEVWET. AL T, Eolt sy
MK ZNTTHERELET. LPEOKEEILT N U LAKEBRIZENL, =8 ) —
NEMZTREDETAXF VBT NI D LAOAGRENEICAEALET. WY H
LTCAZO - Tzl (iE, BUR?2) LE3. ARYOMECESE DDA SN
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BfioBaslBhr B nEST. 2o TIE, THSTHRXTTE W, 1,
TFROKR—L_X—=21F, TAXUBF M) vaofETIE R, MEIZET 5
LbObLbEEFNTWVWET. BELLTIEF IV,

http://www.aichi-c.ed.jp/contents/rika/koutou/kagaku/kab/aruginsan/aruginsan.htm
http://www.kimica.jp/japanese/Manufacturing—P1.htm
http://www.kimica.jp/masa/Manufacturing—P2.htm
http://www.tokukan.com/nekonbu/nekonbu2.htm
http://www.ne.jp/asahi/madamshabada/obasan—kan/text/labo/newlabo/recipe/lotion
/tarassolo.html
http://www.saga—ecf.or.jp/scienceinfomation/aruginball2004/aruginball.htm
http://www.kochi-u.ac.jp/ tatukawa/edu/exp/bead.html
http://capsule.eng.niigata—u.ac.jp/howto/ht_ikura/
http://www.manabi.pref.gunma.jp/bunrui/gakupro/08010066/index.html

45 T K T 2 D B S
L

ZE: YU D BEF : 200666108238 22853457 06%)

RA Ay, KBEAAY, A A, BDEIULALALTY, TAI=ZTALAF L,
kA A D6 FEE T X TELEERDPH - T, HWEE, KBTI UL, TUo%F
=T KWWK, W7 E=U L0 AFBEORKIGRIE L > TRZIL, LEOR T
SEELT-WATTITE, CoEIZ, FOBKEIC, FORERELFEZITLA LW
TLXO2M0n?

ZE :FH = HE : 2006611 H06H 17825400
Do kR

BR429 A A, KBEA A, A4y, DRI LAA LT, TILI=T LA
v, A A O HEBEAE TR TEHEOLEBEBERN™H - T, g, Kigb> VU T A,
TUE=ZTK, W7 v =020 4FBEOKIGREEZFE > THREIL, LEOE
THEELTZWATTITE, FolElc, FOoBKIC, FPORBRELZHFEZIZLIAL
WTLXIM?

EZE (LFER (BEESBA A OEMEDN) ORRLENICTY, 48ED
KGRI T AEA T ORIEDREH > TWB ERBWETOT, FEMIHOWVTIZ
THbbHEZEFE W,

OefE~ e g IcHEBRAE Nz D &, A4 & KEAF P AMEL
MeELTHREBELETOT, APBLTHEELEST. Zobx, EMAZBEREIZMZD
L, MEBNEMLETOTHEEL T EFE W, HRE & HELKE DO LBIR S W I E
FOTrE=TKEMZDE, HBMRITEAORT =T LA F Lo T
WL, HAEKBIZEAOERKE (LE) A6aOHEAKET I FOWLEOIR
AL ETOT, ABMLTHEELET. R7 v =T a4 250 A
ML CT =T ZBWHT ), HEBEZ M2 THI 25 & HELERNEH OB
LE9.

QLFoOQOEYDA AR (A Fy, DRI TAALFy, TILI=ZTAA T,
BeA A EET) WCRREOT =T KEMZD E, A A ED FI T LA A
VIEFENTENEFEOELEBEODT VE LA R o THMBL, T =T A
A1 AiTznEznmasr vikERAOKBIEMILE LD 30T,
ABUTHEELET. KBTI =7 AL KEEILEED LIRS YIZEE O KEE
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fbF bV LA EZMZDE, KBILTAVI = MTIEBOOT VI VEEA A & 725
T L, KBB{LERIZLEoEEERV ET 0T, APBLTHEELEST. 71
oA A v Z2EGte AT OKEBILT N U LAZEBECHML TV EKREE{ET LI
SULABRFORELET. HRAEMZATETCKBIETAI =L LRMLESS
Wi, ToE=TAKEMANIEAKBILT VI =0 ANFORREL £9.
QLOQOEMDA AU (FEH RITLDT VT LS A 2ET) IThH
7= bhEMzsbe, BOAOHKACEOLEE EAORILT KX v L0k
EELETOT, ABLTHEELET. B MLy RI v ADREBIREWIZ
Wz Mz b &, Wb FI LI RIvAaAL A Lo TEML, AL
hEOEFEERVETOT, ABLTHEELEST. ZoLx, HBREKBREIZMNZ
HE, WAL OE BIRRT 282 N0H Y FTOTHEELTFIW., ¥ FI T A
A G ARFPOEREY KBEB{ILFT M) v AaTHMMT 5L, AR R
TARFORR LET. 2L, HBICL o THIEAERBOHENLTLEST
WALIE, FIEMA L CHifbAKEEZBWVWHE LR HE, KBTS R T AICX
STHRDOKBRILD R 7 B™ L £ .

7k, MoOBEIERFSCHBIEFERGI b LALEEA. BIZZHSTEXLTE
=AW

i B RS BCH B AR
FHEE

22N IR (5 N A B : 20066£11H08H 12854157418

FH OEE LbOUNRLEOIEHEWELLE., THEHEENELTHLIRAY FHAT
L7=.

TNAXUBFT RN LAOBRDVHBLIZKRILELE. VX - a7 THLUTA
FLERTI L TOFRELEBNE L. XHEOFCLEAKOBEMNHBAZL LD &
BoTWELT, D2 THLL ok s 4 (GREE) WEEICHED L DEHF
TLE. AV =Xy P CHIRZEZATATFUVEBBAPEWVWEDODETLEZD T, &
LTCRELENZDDEELELEZNE X)WV EEFHEATLE. o 2REL
VWD TTRTAX U BEMMLZRATNIETCELINEENELTHELY LT X
LESY2ERS>TWVWET. EFMIZEWVWHFENONIZH A TEZETRNWTL LD
. HLLS BREWLET.

ZH: FH = B : 20066£11A 128 1285504 00F%)
A e kR

BR430 FHE B, DOUNREOHEVWELE., JHEKENE L CHLRADL £
HTATLE. TAXUVBEBF NI 2O0RYVHBLICKILELE. BEVXF - a7
TRLTARFLENRZ L TOFRELBENE L. TR0 TLEMKDFF
AEZLE2ERSTVWELT, Ko zilXTOLo ok as 4 (REE) "L &
WHEDHDEDET L. AV =Ry FTHREZEZATAXFUVBHPENEDHRERT
L7-DT, RLTRARELELNZADDEELELEZNEY IolcnwxEHATL.
B ERELEWVWOTTINT AT UVBREMMOEZRETNIETCEINEENE LT
tr T ARLEYIEEsTWHET. LFENICEWVWHEROGNIXTH X TW2ET
MW TLXI). BELIBEWLET.

EZ& JREEIZKEE(LER (M) Fe (OH) s<PER L &K (IIT) Fe20572 & MW FE 3. ZE TKIZ
WiFpnwi=, TAX U s LEW S B E 4. HERCHER S O BRIE 2 I 2
TpH=5RHiIZICHHEI L7725, /KE{bgk () PEefbgk (1) 238k (1) A 4 > Fe® 124
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LT TAFUBEEETHAAREENRNDY £9. @mmMEIcT 2 EKFEA A U N
TAXUBEEELTHELEZY, TAXUVERES L THET A2 H 0 £
+. F7-, HREpHIZZHS THITF I,

B ERFHE S MR EF G

HHoOHE

ZHI: HET IE# HEF: 200666118078 14585 20%)

YOIV DpKam B2 TLIEZEW., YD WTFNANRT A, T ) —)Lip Pk
M — RTHEBELELED, £, ZRBELELELEDY, D2 EFHATL
2. XALSBEWLET.

ZH: FH = HEF: 20066£11H 138 238§35900%)
HAr EMs kK

BR431 U B XNV Opkaz iz TLIZE& W, YU BFALRLT A, T ) —)b
AR R THRBLELEDY, FHEHBELELRLELES, D EH
ATLTZ. EALSBEWL ET.

EZE HACFESHR, KET2R (LFEE EMRT, LBICXK D LKT2CICE
7% A X7 A EEH2S10: O ER iR B8 £ X pKal =9. 51, pKa2=11.77T& v, K H30°C
IZBIF DA b A BEHLS104 0 B AR BEHE K13 pKal =9. 66 T3 . 5T 3 i & 7T 4
B AL ERmIICL A E, KFlcBTFAF L M7 A (?2) HoSi02 (OH) 2 D
ik i fE 5 4% 1XpKal=9.86, pKa2=13.1 T3 . Z ORICHEECHMEIC X > TED
PLPFOESTNETOT, BITTASTHITTS .

i B R BCR B AR
AHEE

&ZHI: /MDA L HEF: 20066118098 218315128

INFEROHEE L TEY £9. 6FEAOHA TKEEROMEE BT 28M T,
B TEBLORICEZHR > TEY 4. KB FT MY 7 AKBRICT VI =74
EAND EDLD (KE) PREAELBITLZZEEFEBECEZOTTN, 7227
KIZTNVI=oLhEAND E, BABBTLDEWVWOIRENLILS D EHALTL
o ALFERIE R EZ L TRNOEX O TT N, Nl TEEHA. Fo X ) RKIG
NDEXTWEIDONHZTWEEETWERWET., KALIBHEWWEZLET.

ZHI: FH =X BEF : 200666118148 00852553 00%)
INITOA L kR

BRI432 NEROHEXZ L TBVET. 6FELE0ME TKBEKEROME] ICET 5
BT, EBRTE&B Lo ER > TEBY 3. KEg{bF MY U LAKEBRIZT
NI=ULhEzANDEDHD OKFR) DRAELEBETDHZ M TEZOTT N,
TUERSTRKIZTNAVI=ULEANDE, BERBEBTLLEVWOIRERERNILS 0D
FHATLE., (EZENIEXEZNYTCRERLEZT-OTTR, #ATEEHEAL. 0
LRGN EETHDIONHEZ TCWEEEEZWERWET., KALIBEWLD
-LET.

BZE K7 CE=T7KITAVIFEEANT2HKRELLE ZA, WP LA E

18 — 97



STEELE., TAI UL, F U T UVETHFIIEEEZIZEALTERL £
HTADT, ZOWYIZTKEBILTAI=UAZELAEDOERWET. SBI2, TV
F=TAKICTAI =T AREBMRT LR, TAI VA AL TE TS L
BOES. LER-T, TUE=7 NHBEEND = DIKBIED A A4 > O R
INELTRIERBEWNTE T T, TAI=0 ARKEBILT N U LAKBRRIZEREST D
WRLthbEEbbpnE BunET.

NHs + H:0 = NHs" + OH™ , 2A1 + 6H:0 —= 2A1(0OH)s + 3H.T
A1(OH) s + OH" & A1 (OH) 4+

i B R BCH B AR
AHEO%E

B RE R B : 20066611 H08H 178155 108

hEROBHBETT. PEIFEAD MbFEEM ] ORELIKDY, EMTHHAL
72Cu, Zn, Al, Fe, Pb&EHEF L L 5 LW, MEBPICHFMRE L TEBEELE.
25, TR L AER CIER, EEEREZEHALEZE A, HBEPICEH A A0
GENTWNIZE DT, Feldfli A vy Sic L) RREICARD, Zn, Al, PbH EE
LTLEWVWELE. 2 (AvyFx?) SNTLESZEREEZICICETEWHIEN
sz T &V,

28 FH = HEF : 20066£11 8148 178359005

EiE B R

BR433 % 3FEAD LFEM] OFRENKDY, BMCHHL7-Cu, Zn,
Al, Fe, P& FEH L XL H & BV, HEBTICEFMFEL TCBXELERN, TR
HAERETII N, BREERBAZFEHRA LA, HBPIZHA A DN EEN TN
72X 9T, Felddi A vy 3Nk o REIZARY, Zn, Al, PbHEZLTLEW
FL. £ (AvyF?2) SNTLESFERBATICETREVWHFERONITH X
TL7E &,

BZ& BL#ICu0%Z 6mol /LIEEEHC] (JRIEEE Z MK T2 512/ 1M LIZHKIZ
Hen A Zn, TV IFEALE TV I BRAL, kA FeZz Bl 4 ICRITCTAHAELL. High e 7T
N =T AFRECHIE RO QAEE A LN O LB (D LREE) L, K
KOO E2AEL, HHETAI =0 LAORBIZEAWE (A1) BELE
L7, LEN-T, AT A I ADOEBEBNEBICEM L CAKEELRET S
FIGE LA 4 PERMICEITL S, BT VI =T AN, 4 Ik &
WD (A4 A« A4 A AeF]) BRERFFICEZ > TnWs B X HILET,

7n + 2H" — Zn*" + H2 T Zn + Cu®’"™ — Zn?*" + Cul

READOLEE BOMEITIRGFA LS THY, ENVWRIERBIZETELALDOT,
GIBHACUDRL T L BWES. AiE-s TR ALMEMIE, KTORXINES -
DI ERWET. AEIIREENOEAKEZELERNEST. L, LK
LTWOHAOTTHEAOKIENEZY, WMBTANDLLBEL TSI LAEYE
o WRERITAEZELEDL, EORRKIENEZ > TWDHON0, RERET DN
AHATT. BoGAIE, KIGHESHA vy RSN Lo 2REIZRY ELEL. B
NTICHFERHLELEDOT, SOFHICABEEND > TRIENEL o701 L
NEHEAL. LML, (EFBHGKLE L TEHHERSCTAI =T LD ALFREKETHY,
FOSMWEENTE T2 & B E T .
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Meh 7T NI =y AKREOEROYE ki@fk%ﬁ@fﬂ% v R WE L, FEIZ
fFELTCWABETEERWET. 22, AT I VETZT o720, YR
M BB S CEBIE, MHICEHANICKETZENnTEDLERVWET. 172,

BALFEHHLT VI =T A2 E W AR6nol /LERRICHI # ICEITZEZ A, T
@/\E%'ﬁ){%ﬁb<{ﬁﬁqcbfié%’%i#%'@h THRBEHL CIKBIZEDD Z N
HVFEFL-. LrL, BAawERHINE N LBV E L. 2L, HEWE
ﬁz@’ﬂiﬁ%@%gﬁ)i’75>;}/Liﬂi/ufb71. é% HAELEEHHLET LI =T L%
ﬂ’f‘\%c:%%rLb\f;esInol/Li’Eﬁg IR T 285 AT, iét%’féir;t EHRNT-XHTL
=0, BEICERZ (Blo?) By 75>H?§Li L7-.

uLo> EMDL AT LIRS TIEEPICEREERBOA A BNFET D &,
fefbt « oo s (A A AbfEm - A4 A b)) [Tk > TERETDH LS T, A
TG EEEBR CREAEALLD, ﬁ%é%%rﬁiﬁﬁb%%{mihﬁw@m%H%f:“
ERWEST. Thwz, EBRT DL X, *W%E<Fu\fi‘%ﬁ@ﬁ&ﬂ:% i3
ELToefEHALTTITIW. BOhTICEHNTLE, BILWDBBIZEMRL TA 4
EEL, &GS (BE) REZ2BENLRH Y 4. ERBICHEIEWVWT S & X
H, BEEREOEmE —HIC L2V TH I,

iﬁfﬁ%ﬁﬁ R Bl EF R
=%

2 RE R B : 20066£11A 178 18B51429%)

5 T K O LR S
N

TEIZ W X ﬁ%ﬁé_‘é“b\i L7z, B, REMWEEZHPLTHAD L LD
I, UBILFEERICBITI2EBORVFWNICFEE LW E BWET.

wRE Ik
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M. x—2X—T D%
AKFRER—LRXR—OEFEEBRO I 2 —2a UBXOBKEOEY 7 (B
EHELPARGE) OXA=a— (—%) 2 FXIZRT.

Al =TGR T T A—=5)

Flash (E 5 1) Jawva Applet (TE= 7°1fT)

LB OE R GRERT) B-EEEE QM) doO—F

LB DA AL (B EE) Bt- 15 28T (offf, 1 1. siThR

LB OB R B B EEE GRS T

BRERIE (A8, JuF) B L R ITAE (KMnO,)

1RIERE (R B L - R TEE (3R EE)

RIERE(ES) FL —HEE GRDIEE)

AROIEY A GRESTES AR E) —iEA O O—F F#TVer 2006.03.15
DFGIETEALGEIT SO ERLLEOICEZ TS

Java Applet Java Applet

iR (R {EF U L AR

Bl (& oK OFRE S (G ThR)
=3, NaCl, KOl KBr. NaHCO3, KHCOS, | ZEEhiFEE Do GRITHR)
THOEEHIBOS, NaNO3, KNO3

BEEENGTAR TUOEZTIK

EEE BN E D LIGER
bHES FRER SR L INKIEE
L B D L NGRS
A EEANGER

M bFEBROIa2L—ra VBIXOEBEROED FDOA=a— (—F)

1. (kR EBROYI2L—v gy

AT Tl - WHREME (2M6, 146 23 /E L. BIXMEEHS0., ¥ = VR
(COOH) », HEWAHCI, FEEECH:COOH®D Hih b 3R C &, I IFIAKERIL Y 7 AKER
Ba (OH) », KEE{L VT T LAAKEERKR (FIKAK) Ca(OH) 2, KEE(LT b U U AKEMK
NaOH, 7 >V E =7 KNH:s O HF /)N H RN TE 5. » 22, BEHEEIZOWTI6RED
MAEDOENRARETHY, M IFMREBEELETANEZIE2EHOEREZ 2
2ab—arTEDL. BEREOLE, RE - K- BEOELHE, HiEO—KEIL
- HRACHEMMAOFEE (6 K) EE2ITH5 2L TESH. IbHi, ErEoREMA
ZEBMLEYD, WS WRICABRBRT L5 TERDO THMIZOWTITAKT 5.
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pH
106 PP

|
T
I

s Ba©H)2
- 54 0.1 molil
: 19 9 mL

" s

84 D_I'l molfl

7.8 100mL

pH=12.75 0 2 ;1 é é 1:0 1:2 1:4 1:6 1:8 2:0
= EEST - SIED Ver.2006.08.31 Ba(OH)2 , mL
| Baworz || caomz || mMaon || wnaon |[TTTREETTT =re IEEEEEEE
| wee || vwmr || mE || mm || mamse || sieme || sswr |
tEELimE M [0 | esmE (L[ 20 IIEEEEE I IR
BR[O eI (L[ T |[ emsssete || emsssete || mmissete |
Z O IR A7 o1z Java Applet 8RNI T FEL. AllCRES
i e S O W& @ = 8

BRIS ETE TRV SREE T
—BFZF1E < BE Dy DF AU Zarm e ER Y F
BTE = Jx/— L7412 = e s s
FH#RECIE < HIREE TECNETEERFITIIETEET
iR Bl = BETEFE = N e —ERAT T s AT R
%%{Tﬁq_;@] — %Tﬁ{gﬂ: — 7|JIJ73—€)TI_U(L7:’FC/TT:E HJ )]L,J éh”i_g’—
Ba(OH),, CalOH),, NaOH, NH,OH, . v - N
ﬁﬁﬁﬁ’é‘%, i—f’:l.'j@é%, fjﬁ@éﬁ; EJFM W:S% JII]]._-I-_[J-] Gﬁx@ﬁﬁ&}m@ﬂ'ﬁ E_l—ﬁt._ca—
BEERT =EET = ) 2T ACUNOE T EENSYFELY T
FEARRY IR M & & % BH
fﬂﬁuj—%ﬁ {f%@ﬁ@%, HBEEZEE 31203, TextBox _(CA?]@“%T;U(C [Frter] £ —
ez, SRS T, |RRICESHTEHES AT I ) ILET

#= — —F DPrint Screend — (COPY#+ —) & 1BLICE, BRAETO Y S L (Photoshop®) %
L, R T 7 LIS =AM (EUDN TN, BEZEDADTT. FECFRFLTEE
ff.%g@;?ﬁtzv — O3 & (Word, —REFEF) (CE{GEOLESDE I Dot & =28

B - WA E (240, 140) o Em
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2. BROBEHELFANFEOBEEH Y — R

AT b mRF & AIRK], TEEEKRYOEMRE ) D2 2% ELE. T
fef ik 38 & A KK TlX, BHEEHCL L AJK A CaCls/ B FEAT D (LK FECO Dl
MArRe & OF R, AIKKCa(OH) » & AR FEDOKISIZ X D REE T L T LCaC0s
D Ik B A Rl & é% WO " b iRFEIZE VD REEAKFE I LT T ACa(HCOs) 2 & L
TS 2BOFELZZE LTS, ARG E, (BFME, SR EVHPL
TWa., B, EovIab—varERKIE, FOSWVWRICAHRSKET S TE
2D TEHEMIZOWNWTITEKT 5.

EREHCI -GG CaCcO3|Z L & Ti{kimECOo2Mm3FE (25°C) B (EER - S5
IEREIEE | BEESE (B4 Fhll BILEE O MXE ah 2EA AL T TFEL wer, 2006.07.12

iEEHHE 5B HC BkE “Eikm®E Ccoz  (B=:E)
=R giml 1.0457 CaZ03 ERBRIFE SE\EXLTE EHRHYEE
EEGHEy | 10.0 0.143

FILEEmarL | 2.87 0.0339 §a¥0

{58 mL 10.0 8.29 236 56.0

EE g 1.05 1.00 0.0149 0.425 0.101
EE mol 0.0287 0.00999 0.000339 0.00965 0.00229
EIEEgmol 3648 100.08 44.01 44 01 44 .01

IBEFHCIDPENY T GRMAE) IR O 05 LERT TS0
TEHEERFECO2DIEY A GATEE) 1ZTOEHEAFR T T S0,

5T E

Gk CaiOH)2 & —E{ bR CO200 R INIZ & S B Il 20 L CaCO3dinEy &

RSB IL 0 L CaHCO)2MB/E (25°C) =M EIE - %E
AiACEEST{EISESICIE FREE D1 LUAZTEETEAADLTTFS 0 Wer. 2006.07.12
b = 2 abkcaonz “EEbmFE OREEAIVL CaCo3 EREE T FR AL
FRRASEE 1.00 Cio2 ERE LB E Ca(HCO3)2
BEETHE% 0170 0.0821 0.0000
FILEE molil  0.0229 0.0082 ERF0 0.0000
&35 mL 30.0 10.0 30.0 30.0

HE g 0.0509 0.0180 0.0246 0.0163 0.0000
¥WEE mol 0.000687 0.000409 0.000246 0.000163 0.000000
EILEEgmol 7409 44 01 100.09 100.09 162.12
AR Ca(OH)20EY 5 GREMITE 13 TOMBAER T T &0, =tew

TRRAL IR R & A IRK O BEiE (—#8)

[ R K OBEMRE ] TIX, > aBCi2H220.1, AT ~ VU 7 ANaCl, ik
U v ALKCl, RAbH U U LAKBr, IREEKFET MU 7 ANaHCOs, REEKFET Y U A
KHCOs, A< ™7 B&H:BOs, f§Ee T ~ U 7 ANaNOs, f§EEH U 7 LAKNOsD 9 Fl¥H D HK D
WRIREE LR E OBGE (BMEEMR) con T, BERTICLAMEERIRE F5F
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CE2BMEMELFTRETED. AFVEHTHLLI R VBLHRME TH 5 HEET
MU DAL U D LZHOWTIE, FICEEFHZ ST TWD . BREAHR L
ZOHEMBT— 2B IXOEHAETELHRPAL TS, ok, ZAZHOWVWTH k& FEE
2, BV WRICASBRURT D TFERDO THMICOWTITAKT 5.

EfEE skl T 28R E S REOEE (AR EdRRE) ER EEK - sE)

TOIEFHEERERL, FEH - FROHECEEEANLTT 0. Wer. 2006.07.31

FEOER O afE ONaCl O KCI CKBr OMNaHCO32  OKHCO3
EHEEDZ ©HZEOI OMNaN03 OKNO3 EOEDIITFOESZEIREMI TS0,
BiE o BHiaE &= 100

FOlEH3BO3 (RE°C [0.0 | [20.0 |[40.0 |[60.0 |[80.0 |[i00.0 |
Nl e o e e = =1
HEHOHE g |50.0

HBRE g 14 .04 17.11 20.03 21.40 21.40 21 .40

FTHE g 726 429 1.37 0.00 0.00 0.00
EEO IO E g, mL 100.0

biE&HIEOBE g/7k100g  28.07 34.23 40.06 42.80 42.08 42.08
LEHROEE massth  21.92 25.50 28.80 29.97 29.97 29.97

ERFOME E o/7k100g 277 4 88 5.9 14 89 23 .55 37.99
EAFDE E mass% 2.7 4 65 817 12 96 19 06 27 53

EHIOIRE TERFL, MOEEICEE L s FONAESTREL TLhET.
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L. Introduction

Dislike of science is now spreading over students and even teachers in Japanese
elementary schools. It seems that interest in science (chemistry) may often be generated
through experiments. Therefore, we started an automatic service in the homepage of our
chemical laboratory [ref. 1] on how to prepare aqueous solutions (calculating concentrations
and preparation methods) [ref. 2, 3] which are the bases of some chemical experiment, in
order to reduce dislike of science and to do various experiments using solutions prepared by
teachers in elementary schools. Even a person who has no background in computers can
use it anytime when it is necessary. Furthermore, we started a download service, so you can
carry out this program even in a PC (offline) if you download a compressed file and extract it.

On previous reports [ref. 2, 3], we discussed about sodium chloride aqueous solution,
acetic acid aqueous solution, hydrochloric acid, ammonia water, and sodium hydroxide
aqueous solution, and already started service in the homepage. In this report, we have
developed the programs for nitric acid and sulfuric acid aqueous solutions, which would be
very useful in the future, and we are planning to put it in the homepage as well. However,
there are only few general users of this homepage service because it is not yet known very
much. Therefore, we decided to make it known to many people through this report, and to
have them use the service.

II. Operation manual for users

We explain mainly about a preparation method of nitric acid aqueous solution. The
initial screen (fig. 1) is displayed when you select and click “the nitric acid” from a menu of
“preparation of solutions (including calculation of concentration and caution)”. The initial
screen (fig. 2) is displayed likewise when you chose sulfuric acid (an operation method is
approximately similar in the case of the following nitric acid aqueous solution). With nitric
acid aqueous solution, five textboxes of the left column are linked with five buttons of the
central column. You input numerical value (for example, percentage concentration and
volume of solution after dilution) into two textboxes to prepare an aqueous solution from the
concentration and volume of aqueous solution after dilution and/or to calculate the
concentration of aqueous solution after dilution from the volume of conc. nitric acid and
diluent water before dilution. Then you push a right button of the empty textbox (for
example, nitric acid volume of the central column). Even if a numerical value is entered into
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the left textbox of the button which you pushed then, it is not treated as the thing which is
input. A program calculates numerical values of all the empty textboxes automatically and
displays them by a green letter (fig. 3). It is also possible to have the inputs in an
exponential form, such as 5.432E-1 and 1.234e5. Note, however, that no space is allowed to
be inserted between the E (e) and the figures.

Because we assume that the person who uses this program does not know a calculation
method of the concentration, we have produced it to run as possible even if users operate it
at random. The program can calculate, if you input numerical values into two textboxes like
statement above, but the program runs even if you input more than three numerical values
into textboxes. However, a calculation adopts only two numerical values. When you input
more than three numerical values showing priority sequence similar to table 1 (priority
sequence with other chemical reagents is similar to the case of nitric acid). It is desirable
that the numerical value that was not adopted should not vary with the calculation. (In other
words, the other numbers are not random numerical value). You can clear all the numerical
values or calculated values with a button at the right column before calculating again. In
addition, if you only change the last numerical value without the prior clearing of the existing
numerical values and push the button, the value that you changed may not be adopted due to
the priority sequence of adoption and the previous value may be displayed by the new
calculation.

Because conc. nitric acid comes in normal concentration (70%) and in fuming nitric acid
(100%), so you can choose which of the two you are going to calculate by pressing the
checkbox. That is why it will display a warning in red letters when a calculation exceeds
these concentration 70% (15.6 mol/L) or 100% (23.9 mol/L) (fig. 4). When you convert the
concentration (for example, from the percentage concentration to molarity), you input the
numerical value into textbox of either; then, you push the right button of the other textbox (fig.
5). In addition, an error message is displayed when you cannot calculate the operation by
mistake (fig. 6). Numerical value slightly changes when you push any button randomly in the
state that a calculation is finished. This is the error caused to change the calculation
method by priority sequence or round off numerical value for display.

Ill. Preparation method and precautionary measures for aqueous solutions of strong acids

We put the following concrete preparation methods and caution for safety on our
homepage as well as the programs of Java Applet. In addition, we put photographs and
usage of main experimental apparatus. We describe the case of nitric acid aqueous solution
(fig. 1) as follows. It is almost similar to sulfuric acid aqueous solution (fig. 2).

Wash and dry the necessary apparatus beforehand.

1 Measure the desired amount of distilled water using a measuring cylinder (fig. 7), then
transfer it to a beaker.

2 Measure conc. nitric acid aqueous solution with another measuring cylinder (fig. 7), and
add slowly it into the distilled water in the beaker while stirring.

3 If necessary, transfer the solution to a reagent bottle and keep it. Attach label showing
the reagent’s name, concentration, the date of preparation, and the name of the person who
prepared the solution.

HNO, gas evaporates from conc. nitric acid aqueous solution to the space (air) above
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the solution in a bottle. So, the bottle of conc. nitric acid is filled with HNO,; gas. When
you open the bottle, the cover spray may appear. Be careful that neither gas nor mist gets
in contact with the eyes. Moreover, the gas is toxic and it has a pungent smell. Work in a
well ventilated place so that the gas may not be inhaled. If conc. nitric acid gets in contact
with the eyes or is stained with the skin, immediately wash it with water. Keep in mind that
heat is generated when conc. nitric acid is diluted with water. In adjusting the total volume
of solution, do it after cooling the solution. The presumed concentration of reagent grade
chemicals is near saturation (about 70%). When the exact concentration of dilute nitric acid
solution is required, titrate it against a solution of a base of known concentration, i.e., a
standard solution; then, you can determine its exact concentration.

IV. Calculation method

We explain the following calculation methods [ref. 4, 5] in the homepage. Please note
that the case of nitric acid aqueous solution (fig. 1) is almost similar to that of sulfuric acid
aqueous solution (fig. 2).

M, = V_,D.W_/100, M, =V,+V,D_(100-W_)/100, W = 100M_/M,
M=M_+M, =V,D+V, =VD, C=1000M/FV, Q=V/V, 1L =1000mL

where V_(mL), W_(%) and D_(g/mL) are volume, mass percentage and density of conc. HNO,
aqueous solution before dilution, M_(g) mass of dissolved HNO, gas, V,(mL) volume of diluent
water before dilution, M, (g) mass of total water, M(g), V(mL), W(%), C(mol/L), and D(g/mL)
mass, volume, mass percentage, molarity, and density of solution after dilution, Q volume of
solution after dilution/volume of diluent water before dilution, F(g/mol) formula weight of
HNO;. An unknown value can be calculated with the use of expressions shown above and
known values. You may use table 2 [ref. 6] to find the density from the concentration and to
find the concentration from the solution volume/diluent water volume. In addition, the value
of solution volume/diluent water volume at the concentration of 70% or 100% should become
infinite, but we replace the value with a very big value (5000 or 10000) to prevent a serious
error in the program running.

V. Software used

The OS used were Microsoft Windows 98, 2000 Professional, ME, XP home edition.
Java Applet programs were produced with JBuilder 6 Professional of Borland [ref. 7-12], and
uploaded through FFFTP 1.88 (free software) [ref. 13]. The HTML files were created and
edited with Homepage Builder 2001 of IBM [ref. 14, 15] or Macromedia's Dreamweaver MX
[ref. 16]. Stirling 1.31 (free software) [ref. 17] was used to edit the binary files of executable
type.

The descriptions of the constitution of files and development of the programs were
omitted, as they were already included in our previous reports [ref. 2, 3]. However, the
distribution file for downloading was changed into an applet jar type in order to compress the
button and textbox class files into a single file.

VI. Conclusion
The programs for calculating concentration and preparation method are now available
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not only in the internet servers at Saitama University but also for outsiders (ref 1). These
can be used for lesson plan preparations and other forms of research. Eventually, more
services for preparation of aqueous solutions will be available in the near future.
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Table 1 Priority sequence to adopt two numerical values.
pricrity volume of wvolume of wvolume of mass percentage molar concentration
sequence |[nitric acid {mLY|] water {mL2 salution mlL} concentration (%) ol /LD
1 o O
z & &
3 [ o
4 O O
5 ] O
= [ o
7 O O
=] o o
= o o
10 &
11 O

Symbol circle indicates that its text box is input numerical value and the other button is

pushed.

Table 2 The relation between the concentration and density of conc. nitric acid (upper) and

fuming nitric acid (lower).

Table Relation between the concentration and density of HNO3 agueous solution at 25 degrees C
Formula mass (molecular weight) of HWNOS = 63.013 calculated with 70 %
Wass Percentage (%) 1.0 2.0 4.0 5.0 2.0 00 120 140 160 180 200 220 240 260
hlalarity (rmolfiLy 0159 0.32 0647 098 1.322 1.687 2026 2.39 2762 3143 353 323927 4332 4748
Density of Sol.{o/mLy 1.002 1.008 1.019 1.02 1.041 1.052 1.064 1.076 1.083 1.1 1412 1125 1137 115
wol of Sol. fwvaol. of H221.009 1.018 1.038 1.059 1.082 1105 1131 1159 1183 1.22 1.255 1.293 1.334 1.3r9
Mass Percentage (%) 280 300 320 340 360 380 400 420 440 460 4830 500 520 540
Molarity (molil) 5162 56 G.041 6491 £.949 7412 7832 836 8846 9341 9843 1035 1086 11.376
Density of Sol(gfimly 1163 1176 119 1.203 1.216 1.228 1242 1.264 1267 1.28 1.292 1.304 1.316 1.328
Yol of Sol. fvol of HZO1.428 1.483 1.544 1612 1.688 1.775 1.874 18987 2119 2273 2455 2676 2945 3.286
Mass Percentage (%) 56.0 58.0 B0.0 BZ2.0 4.0 GE.0O E3.0 FOO conc. F20 740 F6.0 Fa.0
hlalarity (rmolfiLy 11.896 12.421 12.95 13.48 14011 14.545 15082 1562 HMO3 45950 16701 17.242 17.787
Density of Sol.{o/mbLy 1.339 1.35 1.36 1.37 1.38 1.389 1.398 1.406 1414 1,422 1.43 1.437
wol, of Sol. fval. of H2O 3,724 4.1 5132 KB.368 8432 124565 24,969 5000.0 24676 -12.269-8137 -6.071
Mass Percentage (%) 800 820 840 80 880 900 920 940 960 920 1000 fuming
Molarity (molil) 18.332 18.878 19.425 19.971 20.515 21.054 21.592 22117 22.65 23.207 23.863 HMO3
Density of Sol(gimly 1.444 14581 1457 1.463 1469 1.474 1.479 1.483 1437 1.492 1.5604 |'T_.”|']\T|TT-I
Yol of Sol fvol of HZO-4.834 -4009 -3.421 -2.081 -2639 -2367 -2145 -1.861 -1.806 -1.67 -1.647 L4 '*Jf’-?_?e

Tahle Relation between the concentration and density of HNOS agueous solution at 25 degrees C
Formula mass (molecular weight) of HNO3 = 63.013 calculated with 100 %
Mass Percentage (%) 1.0 2.0 4.0 6.0 8.0 10.0 120 140 160 180 200 220 240 3260
Molarity (molil) 0159 032 0647 0898 1.322 167 2026 2.39 2762 3143 363 3927 4332 4746
Density of Sol.{g/mLy 1.002 1.008 1019 103 1.041 1.052 1064 1076 1.083 1.1 11412 1125 1137 115
wal of Sol fwval of H2O1 008 1013 1.023 1.033 1.044 1056 1.068 1.081 1094 1109 1124 114 1157 1175
Wass Percentage (%) 280 300 320 340 360 380 400 420 440 460 4580 500 520 540
hialarity (rmolfiLy 5168 5.6 G.041 6491 5949 7412 7882 536 8845 9.341 9843 1035 1086 11.376
Density of Sol.{o/mbLy 1163 11768 119  1.203 1.216 1.229 1.242 1.254 1267 1.28 1.292 1.32304 1.216 1.328
Yol of Sol. fwol of HZO1.194 1,215 1.236 126  1.285 1.312 1.342 1.375 1.41 1447 1.488 1533 1.583 1638
Mass Percentage (%) 560 530 EO00 G20 G40 GEO G830 70O conc. 720 T4.0 TE.0 a0
Molarity (molil) 11.896 12.421 12.85 13.43 14.011 14545 15082 1562 HMNO3 15158 16701 17.242 17.787
Density of Sol(gimly 1.339 1.35  1.36 1.37  1.38 1.3839 1.393 1.406 1.414 1.422 1.43 1.437
Wwal of Sal fwval of H2O1 698 1764 1.838 1.921 2014 2118 2236 2371 2525 2708 2815 3163
hWass Percentage (%) 80.0 gz.0 24.0 86.0 g8.0 90.0 92.0 94.0 98.0 98.0 100.0  fuming
hlalarity (rmolfiLy 18.332 18.878 19.425 19.971 20,515 21.054 21.592 22117 22.65 23.207 23.868 HMO3
Density of Sol.{o/mbLy 1.444 1.451 1.457 1,463 1.469 1.4F74 1.479 1.483 1487 1.492 1.504 f'L”m 'ﬁl
Vol of Sol fvol of HZ03.463 3.83 47289 4881 5673 6784 0452 11.242 16818 33.508 10000.0° D0t u».f{%
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If wou can Nnot seae a figure, pleass activate the Jawva Applet e 21 1020052 FEaeturn to back

I"[L_ir?rf‘;."l-"[’]‘.q2 Preparation of HMNO3 Aqueous Solution Ashida (Fac. Edu., Saitama Univ.)
i
— ~er. 211020068
Input 2 parameters into text boxes, click a button that wou want to calculate
| wolume of HRNOS (bl I | Calculated walues clear
olumne of wWater (b)) Al clear

~olume of Solution (mbL)

rAolarity (Mmolfl)

| Mass Percentage (9]

H+ NO 3~

IT wou want to conwert concentration, input either mass percentage or molarity.

wou estimate significant figures. Concentration € 70% (conc 0 100% urning

H+ NO 5~

Tahle Relation between the concentration and density of HROZ2 agueous solution at 25 deqgrees C

Formula mass (molecular weight) of HNO3S = 563.013 calculated withh 7O 24
Mass Percentage {26 1.0 2.0 4.0 &.0 2.0 10.0 12.0 14.0 16.0 12.0 20.0 220 24.0 26.0
halarity (rmolil) 159 0.32 0647 0.98 1.222 1.67 2026 2349 2.FEZ I 143 3253 238927 4332 4 T46
Density of Sol.{gf/mL) 1.002 1.008 1.013 1.03 1.041 1.052 1.064 1.076 1.088 1.1 1112 1125 1127 115

ol of Sal. fwvol. of HZ2O1 009 1.018 1.0328 1.059 1.082 1105 1.131 1.159 1188 1.22 1.255 1,293 1.334 1.379
Mass Fercentage (%) Z2.0 0.0 32.0 34.0 36.0 38.0 40.0 42.0 44.0 46.0 48.0 a0.0 22z.0 S4.0
hlolarity (rolfl) 5168 5.6 5041 6491 6949 7.412 7.882 8236 28.846 9.341 9.8432 1035 10.286 11.376
Density of Sol.{afrmly 1163 1176 1.19 1.203 1.216 1.2Z9 1.24Z2 1.2594 1.267 1.28 1.292 1.304 1.316 1.328
ol of Sol. fvol. ofH2ZO1.429 1.483 1.544 1.612 1.688 1.775 1.874 1.987 2119 2273 2455 2676 2946 3.286

hiass Percentage (3%) S6.0 S8.0 50.0 62.0 54.0 GE.0 52.0 To.o conc. Tz.0 T4.0 FE.0 Te.0
hdolarity (rolfl) 11.896 12,421 12.85 1348 14.011 14.545 15082 15.62 HMNO3F 15159 16701 17.242 17.787
Density of Sol.(gfmLy 1.339 1 .35 1.326 127 1.28 1.2849 1.32398 1 406 1414 1.422 1.43 1.437
Yol of Sol. fwvol. of H2O32 724 4 31 5132 K268 8432 12 5865 24 969 S000.0 -24 GT7A -12 269 -8137 -G.0O71
hMass Percentage (%) 20.0 az.0 240 a6s.0 az.0 Q0.0 az.0 94 .0 a6 0 aa.0 100.0 Turming
hlalarity (rmolfl) 18332 18878 19425 19871 20515 21 054 21 692 22117 22 65 23207 23 863 HMNO3

Density of Sol.(a/mbly  1.444 1451 1.457 1.463 1.469 1.474 1.4749 1.423 1.487 1.492 1.504 |"L.J'!F:\_ 'ﬁl
TRENS, =
Yol of Sol. fvol. of HZO-4.834 -4.009 -3F.421 -2.4d931 -2.639 -Z.367 -Z2.145 -1.961 -1.806 -1.67 -1.547 " i AN

Calculation method
Theae following relaticons exist among mass and volumes of solution, etc.

Mg = WD W 100, My = Wi w Dol 00—wW 3 100, W = 100k R,

P = RA+RAL, = W D o+W ) = WD, © = 1000 FYW, @ =%/ %W, 1L =1000mL

where Va(mL), WC(%) and DC(g/rnL) are volumesa, mass percentage and density of conac. HMNO 4
anuecus salution befors dilution, Rl mass of dissclved HROD 5 gas, W iiml ! volumes of diluent
wataer bafors dilution, kALlg) mass of total wataer, hACgd, "WOmL 2 WHD, Clmael LY, and Dl ml? mass,

walume, mass percentags, maolarity, and density of solution atter dilution, @ volume of solution
atter diluticn wolume of diluent water befors diluticon, Flg/ mol? formula weight of HMNO 5.

An unknown valuse can be calzulated with the use of relations shown abowve and known values.

Tou may use the upper table to convert concentration to density, volume of solutionAvolume of
dilusent watsr to concentraticn.

Preparetion method
YWiash and drv apparatus beforehand.

1 FPAAeasure disstilled water with a measuring cvlinder, and transfer the water to a beaker
2 MMeasure conc. HMNO 5 aguecus solution with ancther measuring cwvlinder, and add slowly into

the beaker with stirring.
2 If wvou need, transtfer the solution to a reagent bottle and attach label showing the reagent's

name, concaentration, date, the person who prepared.
Caution

HMNO 5 gas svaporates from conc. nitric acid agusascus solution to the space Cair? avobs the
solution in a bottle So, the bottle of conc. nitric acid is filled with HMNO S gas. When wvou open

the cowver sprav mayw appear Be careful for neither gas nor mist to gt in contact with the sves.
Plorecwear, thaere is toxicity in the gas and it has a pungent sm=ll. Deal with it in a well ventilated
place =so that gas maw noet be inhalaed.

It conc. nitric acid gets in contact with the eves or is stained with the skin, immediataely vwash it
with watsr

Kesp in mind that it generates heat when diluting conc. nitric acid with water In adiusting the
total volume of solution, do it atter getting cold.

The presumad concentration of reagent grade chemicals is near saturation tabout 70%). Whan
the esxact concentration of dilute nitric acid solution is reguired, titrate it against a solution of a

base of known concentration, a standard soluticon; then, vou can determine its exact

concentration

Fig. 1 The initial screen of the program for preparing nitric acid aqueous
solution.
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If vou can not === a figcure, pleasse activate the Jawva Applet e 211020062 FEeturn to back

Preparation of H2S0O4 Aqueous Solution Ashida (Fac. Edu., Saitama Univ.)
war. 21.10.2006

I | | wolume of H250d (mlL) I | Calculated walues clear I
I | | ~olume of Water (mb) I | Al clear I
I | | “olume of Solution (L) I | |
I | | rMass Percentage (4] I | |
I | | bolarity (ol I | |
If wou want to conwert concentration, input either mass percentage ar maolarity . H+ 8042_ H+
wou estimate significant figures. _ Concentration
H+ H=EO4 = 90% o as% 1 100%

Table Relation between the concentration and density of H2504 agueous solution at 25 degrees C

Formula mass (molecular weight) of H2504 = 95.073 calculated withh 90 2%
Mass Percentage {263 1.0 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 12.0 20.0 220 24.0 26.0
mMolarity (rmolfl) 0102 0.206 0417 0.634 0.857 1.085 1.319 1.559 1.806 2.058 2.318 2.584 2.856 3.136

Density of Sol.{afmbly 1.004 1.01 1.023 1.037 1.05 1.0684 1.078 1.092 1107 1122 1.12F¥ 1152 1167 1.183
“ol. of Sol. fvol. of HZO1.004  1.008 1.02 1.03 1.042 1.054 1.067 1.081 1.096 1.111 1128 1146 1165 1.185
Mass Percentage (%) Z22.0 0.0 32.0 24.0 36.0 32.0 40.0 42.0 44.0 465.0 42.0 S0.0 S52.0 4.0
Molarity frmolil) 3.423 3717 4018 4326 4642 4967 52099 5639 59588 6346 6.715 T.092 7.4831 T7.879
Density of Sol.{gfmLl) 1.199 1.215 1.231 1.248 1.265 1.282 1.299 1.317 1.3235 1.353 1.372 1.391 1.411 1.431
ol of Sol. fvol. of H2Z01.207 1.231 1.2596  1.284 1.314 1.346 1.382 1.42 1.462 1.507 1.55¥7 1.613 1.674 1.742
Mass Percentage (%) 56.0 58.0 GO0 G20 G4.0 =1} GE.0 FOo.0 Fz2.0 T4.0 TE.O Fa.0 80.0

Molarity frmolil) 8.289 89.709 914 9.532 100325 10.5 10,975 11,462 11.961 12,47 12939 13.516 14.048
Density of Sal.{gfinmly 1.452 1473 1.494 1.516 1.538 1.56 1583 1.606 1.629 1.653 1676 1.6899 1.722
“ol. of Sol. fwval. of HZO1.818 1.904 2002 2414 2244 2,396 2577 2794 3.06 3.394 3F.824 4.4 5.211
Mass Percentage (%) S2.0 4.0 S86.0 830 g0.0 920 94.0 95.0 9z.0 100.0

hdolarity (rmalil) 1457915108 15625 16,123 16.602 17062 17,502 17.918 13296 12.614 H_ wg@/ﬂ
Density of Sal.{gfimly 1.744 1.764 1.782 1.797 1.8049 1.819 1.826 1.831 1.831 1.826 L = a

Yol of Sol. fwvol. oTHZO 6.432 8.479 12,569 24971 10000.0 -24 668-12.286-8.17 -E12E -4.9145

Calculation method
Theae following relations exist among mass and volume of scolution, etc

Mo = WD oW 100, My = Wi Dot 00— W 3 100, W = 100/,

M= P+ = W D +Wp = VD, © = 1000M/FY, © =W/ v, 1L =1000mL

wherse W_(mL2, W _ %> and D {2/ mL} are volumse, mass percentage and density of conc. HaS0,
aguacus solution befors dilution, M_(g? mass of dissclved HaSO 4, ViimL? velums of diluent watsr
bhefore dilution, Mgd mass of total water, MMigk, WimlLD, WD, Clmel /LY, and D=/ mL? mass, wolums,

mass percentagse, molarityv, and density of solution atter diluticon, & wvolumese of solution aftter
dilution volume of diluent water before diluticon, Flg/ mal2 formula weaight of Hao S0,

A unknown value can be caloulated with the use of relations shown abowve and known wvalues.

You may use the upper table to conwvert concentration to density, volume of soluticonSvolume of
diluent water to concentraticn.

Preparetion method
YWoash and drv appamtus beforehand.

1 Measure disstilled water with a measuring cvlinder, and transfer the water to a beaker
2 Measure conc. HeS0 4 agueocus scolution with ancther measuring cwvlinder, and add slowly into

the beakser with stirring.
3 Ifwou need, transfer the solution to a reagent bottle and attach label showing the reagent's
name, concentration, dats, the person who prepared.

Caution

If conc. sulfuric acid gets in contact with the eves or is stained with the skin, immeaediately wash
it with water

Keesp particularly in mind that it generates heat vaery much and steam comeas out when adding
conc. sulfuric acid slowly to a large guantity of water with stirring., Moresowver, sinces thers is
toxicity in the steam (sulfuric acid aguecus salution?, deal with it in a well vaentilated place so
that steam may not be inhaled. In adjusting the total volume of sclution, do it atter getting cold.

The presumed concentration of reagent grade chemicals is about S0%, 92%, or 100%. When the
axact concentration of dilute sulfuric acid solution is reguired, titrate it against a solution of a

base of known concentration, a standard solution; then, vou can determine its exact
concentration.

Fig. 2 The initial screen of the program for preparing sulfuric acid aqueous
solution.

18 — 118



I"U'?f?.‘;."|."[’]‘,?2 Preparation of HNO3 Aqueous Solution Ashida (Fac. Edu., Saitama Univ.)
R e

oLl
Wer. 21.10.2006
Input 2 parameters into text boxes, click a button that wou want to calculate

|53 4B | | walume of HNOS (L) q | Calculated values clear |
|450 .99 | | wolume of YWWwater (mbL) I | Al clear I
|5[][]_[] | | “olurme of Solution (mL | |I'|'Iass of Solution = 526-15 = |
|1[]_[] | | Mass Percentage (%) I IDensity of Solution = 1.067 g/ml |
|1 .B7 | | alarity (ol | I |
+ -
If wou want to convert concentration, input either mass percentage ar molarity. H NO3
“ou estimate significant figures. H+ N03_ Concentration & TO0% (conc.) 31 00% (furmingd
Table FRelation between the concentration and density of HRNOZ agueous solution at 25 degrees C
Foarmula mass (molecular weighty of HMNO3 = 63.013 calculated with 7O %
Mass Percentage (%) 1.0 2.0 4.0 5.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 4.0 26.0
molarity (rmolil) 0159 0.32 0647 098 1.322 1.67 2026 2.39 2762 3143 353 3827 4332 4745
Density of Sol.{gfimly 1.002 1.002 1.019 1.02 1.041 1.052 1.064 1.076 1.022 1.1 1.112 1125 1127 1.15

ol of Sol. fvol. of H201.008 1.018 1.035 1.059 1.052 1105 1131 1159 11858 1.22 1.255 1.293 1.334 1.379
Mass Percentage (%) 22.0 20.0 22.0 24.0 236.0 Fe.0 40.0 42.0 44.0 465.0 42.0 s0.0 52.0 54.0
folarity (rmolfly 5.168 5.6 6041 6.491 6.949 7412 7F.882 836 8.846 9.341 9.843 10.35 1086 11.376
Density of Sol.{ogf/mbly 1163 1176 119 1.203 1.216 1.229 1.242 1.254 1.267 1.28 1.292 1.304 1.316 1.3Z8
Wal of Sal. fvol. of H201 . 429 1.4232 1,544 1612 1.628 1.775 1.874 1987 2119 22372 2455 2676 29465 2. 286
Mass Percentage (%) 56.0 58.0 G0.0 2.0 4.0 GE.0 65.0 ¥Oo.o conc. FZ.0 4.0 FE.0 Fa.0

Malarity (rmolfl) 11,806 12,421 1295 1242 14011 14545 15022 1562 HMNCO3 15150 16701 17.242 17787
Density of Sol.jofrmbly  1.339  1.35 1.36 1.37 1.38 1.289 1.298 1.406 1.414  1.422 1.43 1.437
ol of Sal. fvol. of H2O0 3,724 4,31 5132 6.3658 5432 12565 24.969 5000.0 -24 676 -12.269-8137 -6.071
Mass Percentage (%) 20.0 22.0 24.0 265.0 22.0 g0.0 920 940 96.0 9820 1000  furming
molarity (molfl) 18.332 18.875 19.425 19.971 20.515 21.054 21.592 22,117 22.65 23.207 z3.565 HMNO3

Density of Sol{gmly  1.444 1.451 1.457 1.462 1.4869 1.474 1.479 1.423 1.427 1.492 1.504 fU?ﬁ‘,\J],r"\DI
| ) )
vol of Sol fvol of H30-4 834 -4.008 -3.431 -2981 -2630 -2.367 -2145 -1.061 -1.806 -1.67 -1.547 @ S0JU/58

Fig. 3 The example of Java Applet calculation for nitric acid aqueous solution.

I"U'?f?.‘;."|."[’]‘,?2 Preparation of HNO3 Aqueous Solution Ashida (Fac. Edu., Saitama Univ.)
s e

oLl
Wer. 21.10.2006
Input 2 parameters into text boxes, click a button that wou want to calculate

|1 143.0 | | olurme of HNOS (mb) I | Calculated walues clear I
|—2U1 .0 | | wolurme of Water (ml) I | All clear I
|‘| 000 .0 | | “olume of Solution (ML) I ||'|'|ass of Solution = 1406.0 = |
|8[] S0 | | rMass Percentage (%) I IDensity of Salution = 1.406 =z/mL |
|‘|7_85 | | rolarity (molil) I ICI'-.rer the concentration (ca. JOX) |
If wou want to conwvert concentration, input either mass percentage ar molarity. H+ NO3_

~ou estimate significant figures. Concentration & 70% (conc) 21 00% dFuming

H+ NO3”

Table Felation between the concentration and density of HRNOZ2 agueous solution at 25 degrees C

Formula mass (molecular weight) of HMNOS = 63.013 calculated with 7O 24
Mass FPercentage (%) 1.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 200 220 24.0 26.0
molarity (rmolfl) o159 0.32 0647 0.93 1.222 1.67 2026 2.329 2.TEZ 3142 253 32.927 4.332 4.746
Density of Sol.{afmly 1.002 1.008 1.019 1.03 1.041 1.052 1.0684 1.076 1.028 1.1 1112 1125 1137 115

ol of Sal. fvol. of H2O01.008 1.018 1.032 1.059 1.0822 1105 1.131 1159 11883 1.22 1.255 1.293 1.234 1.379
Mass Percentage (%) 28.0 30.0 220 34.0 36.0 380 40.0 420 44.0 46.0 48.0 0.0 52.0 54.0
Molarity (Fnolfl) 5168 5.6 G041 491 6949 7412 ¥ 382 3.36 2.846 9341 9.843 10.35 1086 11.376
Density of Sol.{ofmbly 1163 1176 1.19 1.203 1.216 1.229 1.242 1.254 1.267 1.28 1.292 1.304 1.316 1.3Z8
“Wol. of Sol. /vol. ofH201.429 1.483 1.544 1612 1.688 1.775 1.874 1.987 2118 22373 2455 2676 2946 3.286

mMass Percentage (%) S6.0 530 600 620 640 G60 630 700 conc. 72.0 Fa0 TE.O Ta.0
mlolarity (ol 11.896 12.421 12.95 13.48 14.011 14.545 15.082 15.62 HMNO2? 15159 16701 17.242 17.787
Density of Sol.{girmly  1.339 1.35 1.36 1.37  1.38 1.389 1.398 1.406 1.414 1422 1.43 1.437
ol of Sol. fvol. of H2O2.724  4.31 5122 G6.262 £.422 12565 24,069 5000.0 S24.676-12.260-2.137 -G.071
mMass Percentage (%) 0.0 S2.0 S4.0 ©60 S50 900 920 940 960 950 1000 fuming
Molarity (Mol 18.332 18.875 19.425 19.971 20.515 21.054 21.5892 22,117 22.65 23.207 z3.565 HMNO3
Density of Sol{grmly  1.444 1.451 1.457 1.463 1.469 1.474 1.479 1.483 1.487 1.492 1.504 |L'?ﬁﬁj'|,f[=1\|
“ol. of Sal. fvol. of H20-4.834 -4.009 -3.421 -2.981 -2.630 -2.367 -2.145 -1.961 -1.806 -1.67 -1.547 1 HLWER

Fig. 4 The example of Java Applet calculation (over the concentration of conc.
HNOs).
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I"U'?f?.‘;."|."[’]‘,?2 Preparation of HNO3 Aqueous Solution Ashida (Fac. Edu., Saitama Univ.)
R e

oLl
Wer. 21.10.2006
Input 2 parameters into text boxes, click a button that wou want to calculate

|*** | | wolume of HHNOS (mL) I | Calculated walues clear I
|——— | | wolume of YWWwater (mbL) I | Al clear I
|——— | | »olurme of Solution (mbl) I I |
|5 | | Mass Percentage (%) I IDensity of Solution = 1.024 g/ml |
[0-8126 || Molarity (moliL) | | |
+ -
If wou want to convert concentration, input either mass percentage ar molarity. H NO3
“ou estimate significant figures. + _ Concentration & TO0% (conc.) 31 00% (furmingd
H NO 3
Table FRelation between the concentration and density of HRNOZ agueous solution at 25 degrees C
Foarmula mass (molecular weighty of HMNO3 = 63.013 calculated with 7O %
Mass Percentage (%) 1.0 2.0 4.0 5.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 4.0 26.0
molarity (rmolil) 0159 0.32 0647 098 1.322 1.67 2026 2.39 2762 3143 353 3827 4332 4745
Density of Sol.{gfimly 1.002 1.002 1.019 1.02 1.041 1.052 1.064 1.076 1.022 1.1 1.112 1125 1127 1.15

ol of Sol. fvol. of H201.008 1.018 1.035 1.059 1.052 1105 1131 1159 11858 1.22 1.255 1.293 1.334 1.379
Mass Percentage (%) 22.0 20.0 22.0 24.0 236.0 Fe.0 40.0 42.0 44.0 465.0 42.0 s0.0 52.0 54.0
folarity (rmolfly 5.168 5.6 6041 6.491 6.949 7412 7F.882 836 8.846 9.341 9.843 10.35 1086 11.376
Density of Sol.{ogf/mbly 1163 1176 119 1.203 1.216 1.229 1.242 1.254 1.267 1.28 1.292 1.304 1.316 1.3Z8
Wal of Sal. fvol. of H201 . 429 1.4232 1,544 1612 1.628 1.775 1.874 1987 2119 22372 2455 2676 29465 2. 286
Mass Percentage (%) 56.0 58.0 G0.0 2.0 4.0 GE.0 65.0 ¥Oo.o conc. FZ.0 4.0 FE.0 Fa.0

Malarity (rmolfl) 11,806 12,421 1295 1242 14011 14545 15022 1562 HMNCO3 15150 16701 17.242 17787
Density of Sol.jofrmbly  1.339  1.35 1.36 1.37 1.38 1.289 1.298 1.406 1.414  1.422 1.43 1.437
ol of Sal. fvol. of H2O0 3,724 4,31 5132 6.3658 5432 12565 24.969 5000.0 -24 676 -12.269-8137 -6.071
Mass Percentage (%) 20.0 22.0 24.0 265.0 22.0 g0.0 920 940 96.0 9820 1000  furming
molarity (molfl) 18.332 18.875 19.425 19.971 20.515 21.054 21.592 22,117 22.65 23.207 z3.565 HMNO3

Density of Sol{gmly  1.444 1.451 1.457 1.462 1.4869 1.474 1.479 1.423 1.427 1.492 1.504 fU?ﬁ‘,\J],r"\DI
| ) )
vol of Sol fvol of H30-4 834 -4.008 -3.431 -2981 -2630 -2.367 -2145 -1.061 -1.806 -1.67 -1.547 @ S0JU/58

Fig. 5 The example of Java Applet calculation (converting between
concentrations).

rolarity (molil)

.'T‘inﬁ\:]]@'qz Preparation of HNO3 Aqueous Solution Ashida (Fac. Edu., Saitama Univ.])
II"IFZIL,I; 2hp_.‘::|};-ameters into text boxes, click a button that vou want to calculate Wer.21.10.2006
|Er ror | | “olume of HNO3 (mlL) I | Calculated walues clear I
| | | »olurme of Water (mbL) I | All clear I
| | | wolume of Solution (mbl) I I |
|1 0 | | Mass Percentage (%) I I |

|| | | |

. . . . + .
If wou want to conwvert concentration, input either mass percentage ar molarity. H NO3
~ou estimate significant figures. + - Concentration & 70% conc.) £ 100% Furminog
H NO 3

Table FRelation between the concentration and density of HRNOZ2 agueous solution at 25 degrees C

Formula mass (molecular weight of HNO3 = 63.013 calculated with 70O %%
Mass Percentage (%) 1.0 2.0 4.0 .0 8.0 100 120 140 160 180 200 220 240 260
molarity (nolfl) 0159 0.22 06847 0,92 1.222 1.67 2026 2.29 2762 21432 253 32027 4332 4746
Density of Sol.{gfmly 1.002 1.008 1.019 1.03 1.041 1.052 1.064 1.076 1.088 1.1 1.112 1.1259 1137 1.15

ol of Sal. fvol. of H2O01.008 1.018 1.032 1.059 1.0822 1105 1.131 1159 11883 1.22 1.255 1.293 1.234 1.379
Mass Percentage (%) 28.0 230.0 320 34.0 36.0 38.0 40.0 42.0 44.0 46.0 48.0 0.0 52.0 54.0
Molarity (molfl) 5168 5.6 G041 6491 6949 Fa412 7882 35.36 S5.846 9341 9.843 10.35 1086 11.376
Density of Sal.{agfimly 1163 1176 119 1.203 1216 1.229 1.242 1.254 1.267 1.28 1.292 1.304 1.316 1.328
Yol or Sal. fvol. oTH201.429 1.4533 1.544 1.612 1.6538 1.775 1.874 1.9587 2119 2273 2455 2676 29465 3.286

Mass Percentage (%) S50 520 GO0 620 G40 GBSO 2.0 700 conc. F2.0 rano TE.O ra.o
Mlolarity (rmolfiL) 11.896 12.421 12.95 13.48 14.011 14.545 15.082 1562 HMNO3 15159 16701 17.242 17.787
Density of Sol{grmly  1.339 1.35  1.36  1.37  1.38  1.389 1.390 1.406 1.414 1.422 1.43 1.437
ol of Sol. fvol. ofTH2O3.724  4.31 5132 G.368 £.432 12565 24.969 5000.0 -24.676-12.269-8.137 -6.071
Mass Percentage (%) 0.0 820 S4.0 ©60 =S80 900 920 940 960 950 1000 fuming
Molarity (rmolfL) 182,222 188758 19.425 19,871 20515 21.054 21 582 22117 2265 23207 23855 HAMNO3
Density of Sol{grmly  1.444 1.451 1.457 1.463 1.469 1.474 1.479 1.483 1.487 1.492 1.504 |L'?ﬁfx]'|,f“\|
ol of Sol. fvol. of H20-4.824 -4.008 -3.421 -2.081 -2.630 -2.367 -2.145 -1.961 -1.806 -1.67 -1.547 1 DL WEIER

Fig. 6 The example of Java Applet calculation (error).
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Measuring Cylinder (Graduated Cylinder)

i
k
E

There are various kinds of capacity (--, 100, 200, 250, 500 mL, --) in measuring
cylinder. This is mainly used for measuring the about quantity of liquids.

Put it on a level place and measure the volume from a position level on a
meniscus.

When the precision measurement is needed, use volumetric flasks or whole pipets
because the error allowed for the volume of measuring cylinder is 1% or more.

Fig. 7 Measuring cylinder (graduated cylinder).
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