HEREBHICL 3KkD pH ERICHT 2 BHFEIFOLER"

FH B -EHESL BRI - BHER

ZH BARERABE LA R R T ER, 464-8603 4 Bl TN EH]

BiE% 540kHz OMHBEEEKCEBHELAHD, KO pH LW T 3BERFOEREFAN-.EZR
THETTE, BHBEOSTpHEI 4.3 TRHCRLL, 2BMT3.7FTRALE. —F, AT
v, B¥%, EXFTETT TR, pHEHTFH LATEE T, EXTHTOHE, 2HEBHE TpH X 6.512
ETh-ol-. PLILEBRORETMAETE, 7T 60% - pH O, PLIALE (BE+EE)
RBETAETR7ZILITY 30% TpH OENMHHRAL. ZASOE/NME, BRETARICEIRERANENBSE
BRI R, BEROHBEORL LB Zerbh o, 31, KOSBRIZIVERTZ0HS
SHILG, TEEE, BB, BEEAROERICHBRINZIBE—HL/A. BEXY, FHER, FHEBOLER
I2& 2 pH DR ICE, ERFI TR (BEOHIBHILETHI DI >/,

& g

B+ kHz 2> 58 MHz OB EBOBEHEZKICBET 5 &, &
WHBEL ZOEERICEIETE L THEERELLEbNSGE
B BEORIES (Ko F ARy B 2BERENDE, ZORES
T, KHFi-HR-OH F v A Ncaifs 5, ERL7Z2T2H 0L
13, BEREOSTERIGL, @ERkE, fHEE, #HHBE 5
(El'piner, 1964 ; Suslik, 1988). Z=4 CHIFIL 72K Ti3EE{bK
*, BHEBOERBIIBHERMICN LEBREZRL, REEMEBSIC
& DR 2R Y, WHERO B BRIV IR TERAYIC
B+ 5. (Mead et al., 1978; Nomura et al., 1994) L 725>
T, BERRHELIT- 2KIZ, FEEMETBILEREZRL, REME
AREWRENEL A L 20T ENZICAP I T2, B
TFROFHNREL TE T2 L LT, BMNICHYLT 520
I2id, RISHORIBE&MEZST T <, BERRESROBIENR
HIPMEE S, INETHOECOMRIIFERNTHY), KK
BEHEL - coERM T REII D\, FiziE, BUEE
DBFW EKICRE L 28546, KIADERDIREILIEFIERNTE
FITIRET 2720 T, RS TH 588I0KE, HEER,
BOERBICLEE Y52 5, 51, BERRICL DKo pH §
KESHELZIT L L TFRENDD, INSICHET 2EEND»O
KB LHZEITIT L A EHEI N T,

Frlx, CNETELT74 ) >OMBRIGERAL, RIS
WOEMBEWRRELEBIICRET B HEL2BRELTCaR
(Nomura et al.,1996). AW T3 Z DEREHE* AW RIGASRN
NEMBERBEELERL, ER, BE, Ty, BREEFH
ATOBERIC & 2 KOFRIE %N, BERLEKD pH IC
YT BEFEREOHELHL»IZT 5B,

1. % B

1.1 = ¥

BiA A > KEKZHEA A >R L 2KEEBRICHN, &5
2, KiZ 15 SFEEPBLA L 728, Bl TR eEmL v
T L THHL, BEHRBHENC T > 7T 58462 FHBAN

t 1998 4 7 A 13 HZH
{LET248 29 Bk E RS (RHEB, 1996 4F 9 A) o THRE
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WL 7B L 7.

BERFBETIBICHC AR, EF% BE TLIVER
VEF - TLITVRAFEREVER L BEL 4 LICRELLZA
HKET LT DREFHEKTH 5,

1.2 BEHIRERER

FEOFEEITIIIRE T L L Ca—Y RO Lo BT 5 Bk
REF (R#B 540 kHz) 272, USHFRICIIER4cm, &
B10cm DA Ly 7 28D 75 A E AW, MR I 50
ml THh -7z, AL & BEESOBEEX % Fig. 1 1ICR7. BF
BERHBOREDEREIX 25°C TH- 2. BEFE*BHT 201K
SRT ISR N7 ) > 7 RATH & & bic, BEHR LML TiT-
7z,

1.3 pH 3 =

&7 pH »#5Eizi3, ORION #%! EA 940 pH/ISE A — % —%
AL 72, pH ML, BHFHBHELFELSEERAT T, 25°C
TiT- 72,

1.4 BEREEDRE

FOGEZBRNDBEBRENERICIE, RIVT7 4 ) > DGFRG
EHV2,3.3X10°mol/I DT+ 772 =ik 7 4 )T M5
Z)vik B (LUF TPPS & #) O/KEMH 50 m/ 23kt e L THW
7z. pH 6 Li_Lo> TPPS KIFEH N W K 412 nm DIEES &5 TPPS
P2 PE L 72, BEHIRAET & A EOBEE Rwes & L, K
G RN DERBEWIRE (1— Rwes) 2REL 72 (Nomura et
al., 1996).

K7 4 ) P KBBOREREICIE, HAESELERRNSH
% Ubest-30 R4 NERH 2 A7z,

1.5 74, ERHEE, BMMELKR, OHSZALDER

FREEE, TR OERIZ Wood b0 h#E: (Wood et al., 1967) %
WL AFEOERIT Allen DBEED: (Allen, 1952) HIEIZHE -
72.0H 72 A NDERICIZT7 ) v 7 B %@ L 72 (Fricke and
Hart, 1966).

2. #& #

2.1 HMMEROXE

Fig. 2 ic 8%, MK, TV T2, ZRFBARICE W UBEFRRS
B KD pH OB EKFEEEZRT. &L Y, Ko pH 2 BZRFHR
TTIHHD 305 TRETETL, ZoFHIFEFHEA L, 120

b2 T m s



Table 1 Effective ultrasonic intensity in water saturated with
oxygen, nitrogen and argon

Normalized effective Sonoluminescence

Gas 1-Rrers jtrasonic intensity Int(‘%?s‘iltg g, 1976)
Nitrogen 0.13 1.0 1.2
Oxygen 0.26 2.0 2.4
Argon 0.35 2.7 30
Air 0.26 2.0 2.4

Effective ultrasonic intensity is normalized by the intensity for
water saturated with nitrogen

Thermostated water bath

Fig. 1 Blockdiagram of ultrasonic irradiation system and the sample

cell

Esn- -

45} 1
40} 1
35 ]

] 20 40 60 80 100 120
time[min]

BN, @:0;, A:Ar, V¥:air
Fig. 2 pH in water under atmosphere of air, oxygen, nitrogen and
argon

STpHIZ3.TREZCETT 5. —J7, E8XFHAT CpHIZ6
R, TLTy, BEFHAT TR 6.5 BEE TR L2, A—D
BEERBEHFICBYT BESMOBEIRZLIEX Yy ET—
TavoRINSBIRREHEIIELL, BERIMCEIEROR
KEFET 2, ANDBE—ETREL BT —EFKHC R
L72BA0, RIGEHNOEMNBTREEICHNT 2 5E6FHRD
#F % Table 1IT/RY, F72, W8 Tableli2id, ¥V /v
TRy ey ZBELHMHEORLL, EHBFERBEIEGE V)
23, XxET—varvhRESVEVW)ZLERL TS,

$24% H2%5 (1998)

1.6 T T T T

( 'RTPPS)/ ( -RTPPS)ai!

o] _

0 20 40 60 80 100
Ar[%]
B N:+Ar, @ : (4 N,+0.) +Ar (sonication time, 30 min.)

Fig. 3 Effective ultrasonic intensity in a reaction vessel as a function
of composition in gas mixtures

o 20 40 60 80 100
Ar[%]

B N.+Ar, @: (4 N;+0;) +Ar (sonication time, 30 min.)
Fig. 4 pH in water as a function of composition in gas mixtures

RIGHEBATOENBFREERIT LI > FRATRLE, &
ZFERRTRLEN, VLIt Ly AU, BOBFRE KIS
REHLZESCBRNENIBERBRTH ), HBAEEIEAZL
X rET— 3 YEIEL, HEHOBEFRTANX—HE
W2 EIZHIEL T3, Tablel & 0, EMBHFHEEL Y /L3
Ry ey AHEENAKEE (Young, 1976) DIEFZFIZ—KL TEY,
TLIYERATTL - L BHFENX Y ET—a ¥tk 31t
FERISENTH L L ERL TS, LaL, ficd~xzd
SICpH DZALIR T VT FERRTIIIT LA SRS N b - 72,
ZOkERIZ, pH DBADRBBHFFRICKFT LI LE2RL TS,

2.2 RATHONE

Fig. 313, &% - TV TV RASKE iz & 2 DRCHELHEN
THOEMBEHRBELZT LT OMBICH L T7 2y P LAEKT
H5, M, ThFNoOEMBTREELZ, ZRFHERICET
LEIBEREENE TR LB TERL A, Table 1icaRL 2 &
I 1T, ERNEE R IMEUR TR L 22354, T > >BRHE>
BROAICTEL L B2, BAFERTRET NI RBRENEE
PN BIC ONEMBFRBEILE &), TLTFHEKXT
TIRARDEEL 52 5.

Fig. 4 13, B3k 30 2 H %0 KD pH % BATRKDOMBUKTE
HIZH L CORY. Fig. IR L2 & ) ICEMBTFREEIIT LT
CoOEEORME ¥ LICHEICRmML 225, BREAMRICHL T
pH i3 & 2 Ml CR/MER £ 5. BRET VTV REKBKIINL
T, XOpHIZ TNV T> DREAKIH60% THR/AMEEZRT. &
#-BE - TLITVRASKERWLEAD, KOPH L, T
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COFEH IR ITEDEZAHTRUIET L7,
3. % ®

ZTREAATIC BT 2 BEFHRBHIC & 2 KOFBEITIZART
5.2 515 (El'piner, 1964 ; Mead et al., 1978).

H:0 — H- + OH- (1)
N, — 2N (2)
2H- — H, (3)
0. — 20 (4)
20H- — H,0: (5)
N+0 — NO (6)
20H- — 20 + H; (7)
NO + 0 — NO: (8)
20 — O (9)
OH- + NO — HNO:; (10)
0+ 2H- — H;0 (11)
OH- + NO; —> HNO; (12)
0 + H,0 — H,0: (13)

S L 72KIC & 0 AL 72-OH 7 ¥ A U3, ISR & BB L
THER, WERNER, BERILAKER L LB, KIER LWL % L ) I
B, WIRROERICIBERIVETH S, TLIVFRATTX
Y ET—2 3 VI3ROMENICRET 505, BROEBEHI LW
HPpHITITE A EELL v, FROBERIC L )V BEFHATD
13EA L pPHOETIRBRE N\, b % pHDETHRER
13, BBE CIRERBIEOBRET, BIKEDZRVERLZIH
LHREIND, EREHAT TIX, BROBEMHEH6.29x10*
mol/1(25°C) TH Y, Rt UEL+oLBOERIKICHERL
Twa, 372, TLTy BREAKKTEH20% T 107
mol/ [ RENEBRIERL T\ 2, BEbKFE L BB T
Bz Zzn £ pKa=11.75 & 3.3 TH % (Charlot, 1969). HifiEs
13 10" mol// FREDWEFFIR TIIH 90% » L T3, i
LOEFELY, pH DR IIHEEE & FHERIC L 5 EFE2 L5, 18
B, WREROAEBRICLELBET VoI, BESTFOSHELK
DEP LERT 5, BREERL VWSS, BF - TLITVR
AEAETIIKRDPHIZ 5 FTLHAET L vy, BELZHEBLL
B4, pHiZ 4 2 TETT 5. 52 S BRI E-HE, B
FKIR () TKOGHEL ) ERT 2BEDADTHEE DG
BENTWD, +5LUBEREET T, pH METH D wEHRHE L
TRBEHBERO—EFDAD G LT\ 5 Z & L KNG
1Lt bBEERBY DL VD EEZ bND, BRELBEEI LN
1% 6% 2RAEHKD & ) HIEHBRE»+ICH 2HETH, 30
SBEEBRH TpH» 4.5 F TL2RA LI Lid, K50m/
DEIMBEHFER (25°C) D 5% BREVSRIETHREIN T 55T &
-

BEWIC L 2KOGERIGIE, XrET—a > &L TET
T2720, IbiEX vy ET—2 3 > OREFEICBHRT 5. 2% -
TNLITVRASEEHAT T, ESREREBTIE, TLrT>ndl
AT 5 DI EBFPGREDTMT 5 720, HBRFD
ARE LML pHIMET T 2. @REBEBTIE, TLIT>HE
B OEMBTEEEIE & 50, BEKEKBNT LT D
AT 2OICFVERBEMES KXY, HER, EHRO
RIS UELBR T A NDERRPBIT 5729, pHIZ ER
T3, BAERTT AT 60%, BF 40% DM TIE, RISHSH
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Table 2 The amount of H:0;, HNO. and HNOs produced by
decomposition of water on sonication and OH radical
estimated from production (sonication time ; 30 min.)

Concentration of product Concentration of OH radical
(X107* mol/1) (X107*mol/?)
H-0. 0.11 0.22
HNO: 0.32 0.32
HNO; 0.41 0.41

W THOEMNBEFEBE D E L, HER, BHBOERICLELSEER
b+aagins), pHEIELETLZLNLEZLND,
ER-TLITVRASKEHRLER  -BE - TLT VRS
SHEFHARTIIHEBNAERRIZ, 10E0EIEL S, BEEHH
LiWigs, BET D A NVKOFEDED LERT 5. KIGR
&Y -0H 7220z (5), R(10), R(12) % & B L ALK
F*, WA, WMERICT S, BEBRESTSICH 5 EREHMOKD
R SR L NBRRKE, IR, HEBROEREYHWTHR
ML -2 OH I ANDBELUT7 ) v rElEHTRD S
Nn7::OH 7 2 A NnHEKE % Table 2127RY. ZOB?D-OH 7
U A NOBRIE 0.95X10 mol/l & o7z, ZOMEE, 7Y v
BHREAWTCKSH LN -0OH 72 A NDEKE 0.92X107* mol/
L EIHE—BT 5. ZOKRIE, KoMRICE ) ERLZ-OH 7
CHMBTEAERG), R(10), R(12) THBEERILKE, FERH
B, WBROERITHELNTWEZEEZRLTWS, Ld-T,
RO THEENSE -OH T2 A Niddh, BET AN
BIFEALBEDOMRICL VERL TWBZ EFEL L -2,
UEED, pHOEKTICREBEROMBRIZT T BELZHBT 2
ZENMBETHDLI LN LD D,

(% &) AFRIEPADEAE BN RELORY 2T T3,
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Effect of Power Ultrasound on pH Change in Water Saturated
with Air, Oxygen, Nitrogen, Argon and Mixtures

SHINOBU KODA, KENJI ENDO, YOSHIHIRO KOJIMA and HIROYASU NOMURA

Department of Molecular Design and Engineering, Graduate School of Engineering, Nagoya University,
Nagoya 464-8603

Key words: sonication, water, pH, oxygen, nitrogen, argon.

Sonication was carried out under atmosphere of air, oxygen, nitrogen, argon, or their gas mixtures.
The value of pH in water for different dissolved gases was obtained under a constant ultrasonic
intensity. The ultrasonic intensity in the reaction vessel was measured by use of the decomposition
reaction of porphyrin in water. Under an air atmosphere, the pH value changed from 7 to 4.3 for an
irradiation time of 30 min and after that the pH value approached to 3.7. On the other hand, the pH
values for water saturated with Ar, N, or O slightly decreased. In the mixture of Ar, Nz and O, the
minimum pH in water saturated with the Ar+O. mixture was observed around 60 % of Ar, and that
saturated with the Ar+ (N2 and O2) mixture at around 30 % of Ar. The amount of OH radical produced
on sonication was consistent with that estimated from products obtained by decomposition of water.
From these results, it is concluded that the decrease of pH is influenced not only by Nz, but also by O..
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