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+ English summary

By using a Van de Graff Generator to put electrons into various solutions or
solvents (such as water, alcohol, benzene, propyl alcohol, solutions of sodium chloride,
etc.), we find out that nonelectrolytes can "store" electrons through hydration of polar
molecules. And water has the best ability of keeping electrons among others. In
other words, hydrated electrons can exist stably. However, if we add electrolyte into
solvent, the solution won't store electrons because of its increasing electric
conductivity. The experiment also shows that benzene can keep electrons though it is
a nonpolar molecules. We infer that it is the " m resonance system " which

contributes to its high ability of electron storage.

In addition, by introducing the calculations of CPCM (Conductor-Like Polarizable
Continuum Model), we find out that the electron affinity of polar solutions are
stronger than those of nonpolar solutions. The computed results are in agreement

with our experiment.



A - PHREE
BAHERZ A ERBREE TSR — R B @ o TP R RBE R MR — I
GG EHNA - BRSO W DERETE - I DGRE T RESRE E A |
2 ~ FEHRY
— ~ RFEFEEAENER] - IDHE S RA RS I
= BRI AR ARG U L R R AR R R
=~ HIEEHAEEAAN[RABI R ERRIEE [ ATREERATIRH]

B ~ tH5Eaeim heastd

= M E oo
Van de Graff LS & EiS 10ml
A& 1& RO 20ml
RT3 15 ZREK 25ml
W VR 1% T 20ml
BEpr 3 1 FNEE 15ml
T 157 AR RIS ER A 1R
H<B % 1 {6 SRR 5 {6

PR A

o B 7 & B (il 8489 )



o~ SRR K 5k

Eﬁf% 1E @HWWUK@%’D&@i 15 735 I B R BR B B IR IRRE (i Van de Graff
%_?-51 g B B K HAAeE

= FEER
(— )RR B A AT A E AT E IS
1HGEEE/K 15ml > A BOml BEpR -
2.4¢ Van de Graff fLEE g3 FH—HOEAR - DL < E B MR 2 A T 10 (5] 2 A a2 A
b DU R R i [
PRI AR » RSN EEE L RRANEE NS — e AR L R v AR R A
ERREIEE -
4B N A RS RS B LA R T Dmm g o IR HEEEAT ( BRAED -
5.5/ Van de Graff LA ER SR A8 L I RC S, (BB ) -
6. 0H I ~ BRObE - REAHHI - EEAE 1~5 > Wikdsk -

(DB AR E AR AT 2N S i R AR e s 2
LHZREE K 15ml & AJERR > JiA 10ml B2 k¢ -
2 B LR AR B Ay 0 M5 RRFEE R S BRI YRR

}
&

ﬂ

R4t ]
T4 P &m b BoRP RABK P
3.3 TE 1A EE 2A
Rt FH6 | THR3A | T 4A

BT | E% 1B % 5% 3B w57 %5 BA

Atk | FHm2B | FHR4B | FHOB | FHS

3.5 Van de Graff fiFE#
4 [R5 VA S D R T S - 08 -

(C)HIRTFFFEE AN FIATIHERFFERSPRICE N FTREMERFAYIRFH]
LHZREEZK 40ml > &Y 100ml EEpr -
2.4 Van de Graff fFE s EL— B » DU < ih s P M Ml v 1 MG [T 72 A T e 21
L > DU (SRR B MR AR A 2 1 O -
3. ﬁ%‘JH%*”%%)\ 15-30-45-60-75- 90 - 5eperR HUHFE MR » (i FwFEERE IR
%(HJEE%”E@E(&ELY?Y‘ [IFRFE] ©
AMCH ~ BHOKE ~ & - 4B~ IEAER ~ IR - AR 1~3 > ifcEk -



[ ~ HFEAGR
— PR ARRAH] » SNE A S
(—)ETBRmdS (1):

[5—]) WFEEE AR FENARERH L FEA(V)
487
ik ¥R 4% Fhn
AAB K 0 40.0
Hid 0 8.0
RO 0 1.0
£ 0 6.5
Ehaldz (2):
(5] S AR ES R 2 EA(V)
485
ik 2R RS B
A AB K 0 35.0
Hih 0 4.0
ZOK 0 1.5
E3 0 6.0

IR © AR AR R R DU B A T L AR R Z 5
() BdgT (1)
DUtk fE R 1] > RE o YA o FE TR » T R BE R R A L -
it (2) ¢
DA PR SR > bR T Aot KiS EiiS ks ey LR

BRI » 35 FEe S LUK AR -
— PR A S R HV R A
(—)ErERTS: -
1 <ERBR1A> ¢ TRRRRE - RIS _
LR S35 /1 ew
2. <EER B>  MAEEC - AR | |

B N G HER Ok SE R Y
3.<Ehm 2A> : EEimHE - FEHEAEKT

I S 28 A S 1A EHE 1B
4 <'Hhp 2B> : EHEEZREKT ~ BT
I S8 A



5. <EER 3A> 1 WHIEE [ - FEHEE Ok 61 CW
M RO AR i ] |

VEST T AR ek LT R tj_fj
6. <EfER 3B> : WRE/EIEOAET - PSRV L

HE TR O SHE E RH ]
PRET N R O K St A b

7. <P AA> | EREEE [ - BT |
TR 110157 () e T A S I
VeGP R 2

8. <Hlg 4B> : FEMEAEIKT ~ SREHERTH L
CetiilaEisinkes B 4A s 4B
PRET N R O — KA ) b

9. < BA>  WMEBICET - sHERMAT ¢ =
%f@—ﬁ‘jﬁﬁgiﬁak}%—7kﬁﬁﬁ—ﬁ‘m | | |

ESHE T 4 tf %j
10, < B8R 5B > : EMAEAMIKT - HESHEmT

i ol {HE TR 52 B S5A B 5B
BESH N AR O e— K AL m R

11, < B 6> : BRI L - PESHETHE L 51 | ew |
LRI A |I I|
12. <l 7> © MR - S Dk
TR 1007 () e L AN —

5 6 BB 7

BEE T B KSR Y]

13. <Hkg 8> : M EAAE/KT ~ PREMEABIK
R

() EBRERAN

1B (PR ST el )T -
(DEESAVEEN R - SN EIE L
(2)YEMERERCHT N IRERC KA M

AR Bl i o U S

2 EERR (PR AR AR)IS -
FEMORIEREHESUERH R (B S 3" S H) » DU AL AT T
(EERE L > RN TR Che—k St B
(@yFERERCLE > A N SRR ek St R
(IFE 2K IR S A



(—)ERERE (1):

(55 =) ZEE/K i e 5 AR b B R TEIBA AR

=~ WEHFFEE AN FABEHERFERRIGE N ATREMERF IR

A () @ 1755 R (s) 23
1 2 3
15 9.31 8.87 9.79 9.32
30 10.78 10.75 10.53 10.67
45 13.06 1153 12.04 12.21
60 11.63 12.43 12.72 12.26
75 13.03 12.62 11.44 12.36
90 10.88 10.19 11.28 10.78
Bipddz (2):
[=PU] HdH R eE s AR ] S R B AR
5 (S) & 75 8% R (s) P
1 2 3
15 7.09 6.88 7.03 7.00
30 7.37 6.72 6.84 6.98
45 6.57 5.65 8.19 6.80
60 4.49 458 6.60 5.21
75 5.59 6.47 6.81 6.29
90 5.66 7.16 7.21 6.68
Hipddz (3):
[FA ) FrhupeE s AR R R R
5 A (s) Lk 1
1 2 3
15 10.71 10.72 10.10 10.51
30 7.69 12.22 13.59 11.17
45 13.50 12.47 12.47 12.81
60 12.47 13.00 11.69 12.39
75 13.94 11.97 13.06 12.99
90 12.63 11.13 11.72 11.83




HhERdE (4):

(N1 BRO LA E AR ] S B I B 14

55 (S) & 75 85 R (s) P
1 2 3
15 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00
45 0.00 0.00 0.00 0.00
60 0.00 0.00 0.00 0.00
75 0.00 0.00 0.00 0.00
90 0.00 0.00 0.00 0.00
HigEdg (5):
[Ft]) LEEeE S AR S AR R AR
# BRI (S) 4 #FTH(S) T34
1 2 3
15 9.65 10.00 9.10 9.58
30 11.22 9.87 11.03 10.71
45 11.47 11.87 11.44 11.59
60 9.10 11.12 11.37 10.53
75 13.00 11.44 10.87 11.77
90 10.72 11.62 10.57 10.97

HiplHig (6):

(55N IR PSP g e AR ] R B (R TR AR

5 R (s) 4 A2 (S) T3
1 2 3
15 6.87 756 7.00 714
30 7.25 7.38 6.62 7.08
45 6.28 6.03 6.65 6.32
60 753 7.22 7.56 7.44
75 8.72 8.19 8.18 8.36
90 10.63 11.16 8.69 10.16




IR (7))

(L] B Es i e e AR ] S B I A 1

5 A5 R (s) A7 R (S) 4
1 2 3
15 5.66 581 5.75 5.74
30 6.93 7.81 6.91 722
45 6.60 6.53 6.50 654
60 5.16 7.16 5.53 5.95
75 7.59 6.25 7.53 712
90 438 5.97 6.19 551

Uk —1 B 4AES

(=) E5 5A B 5

Ul —) BB 7TA H 5

(et P Y YR RS PR AGTE T I




3% - B

— ~ FRFREEAREER] - IS SRR RIS

()ENAE RS - A YR
WS VN LT G N i
2HH ¢ MR > T BREROR - BRI
3ERCHE IR > TR
A% JRRE - TR BEA IR T TR
(WA LR N L B P EE
B Rl E SRR L > AR B Bh - MR B i = rE AL R ZRBRK R - BE AT AT
AR > FERE— RIS LSRRIl IR B AT ) G B TR RV > (S AR B 4%
FEE e > LB R e RS IS EAE—TAI_E N 2% Smm I E Rl E
B -
(51] #FfEE AR EE IR A L2 (V)

4875
R ¥R &
AR 0 375
i 0 6.0
O 0 1.25
*x 0 6.25

()M ER A ECE ) - R RIS RO S B AL = - T A VA R A B -

A UKEETT PIRRNE YRR
IS God
69908 A" v

UlE— 1 ki o T-HEsi Ll — 1 A B
(RE: : BB R Shenb- e/ U SMEHER R BT AR A2 ]

1 ERERHTE 75 H BV RHITE S s DERE R )5 DU RS %+ - #ELIARE

EOFER TR RESS (o I L TY R RESST, O RIVA eI LT RRESST, o RIVAETIE
2. MRS > 7k THCH N VB RE » 505 52 2R EE o TS [T R

FREIIRRE - #UR - FEALRH H

10



(P)EF IR MRS BRI A (L, A28 - Al AT HEEm R R R BR e Bl
B HHIRRM T A EEAE T DB SRR -

[[E=] = B aRARM N EE

= SRR AR AR A U AN I R R B

(—LHEES — P EMBIREUR - MERER OB AR EE RN 28K o R
Bl LB R — e R EE A AR HRLRE R EEAR > BT
TRIREER AR R WA EA A -

2.1 EERG AR AT E GE RLE—)E 2K » KT IR E AR e g
WHEE » HRRE TRIEE R A - SR Tt e MMRrwr EERER - 1
e 0 KIFRAERIEEMD - BRI TSR -

3 AT S R 2RI ERE T - A i e (R A AR B s S P M HE T 20
HIEEMIRIES) - b2 A thH CHRFES AL N EgEnyE R EIR
RE o BRILETRR TYIETE -

(OI.<EE 1A>h

K519 A B L B A FE AR Y BB > RS T B A R -
2.<EE1B>th
BFHEMREAZERCLF - MAEE RO POEAEE SR > 2R8Ik
HRFEE T ERRSR  TAIT A BB AR ER] > BLKSREFE R M -
3.<EE; 3A>
(1)EE AT -
Rl BN TARAT] - AR AR M B RS > IR /KRA IE BB IA A AH A
W5 IHER » SR B e
(2)FES i
AR i A IERY Y - IRILRIZR 88 /K Ry 1E FE R A A A R B S %
A ZRE/NHRTE N o
4. <Hhp 3B>r
(1) & i -
BTHEREAZERCLH - IMNEE FAEER O P SRR EE KR - f2KE
KSR T EEEL  AIRT A &R AR ER - BLRSREFE R M -

11



(2)FES T
BRI AU Y R TR R SRS BT ER CUoe e /KL% > KRR 7S T &
il > RIBERIRT A IE B SRIERST AR 5 | - DA A ZR BB WA Y -

<Elg 4A>h

()& AT -
TR R EAR]  (EFA e r BB » FIAE KR (E BRI A
W5 IRIPERT - 3SR bty -

(2)FES i -
PERFZR BRI A ORI BT AL IR FFE T MERIREE - PRI SRR RS HE A
HrP A EF A ER SR ELE -

6. <EE 4B >t

(1)EE A -
IS R MR R S I A A K - G ER A 7 AR MY ER (T IEL R R AUK T ERE - 39
W5 AE R A -

(2)PES T
BEMR AT Y FE TR A SR AT ER CUE I /KL > KT FEie T &R
il > RIERIY A IEEE SR ERS ARG | - DA AZREE /KA Frh -
<HlDbA>H

(1) & — i
P HERE AZERC e ﬁl% B TAEER Cbe P PSR E B KL EAREH
KA T B A BB RER > BKRAEERTT M -

(@%ﬁ—%:%ﬁﬁ%*¢ﬁﬁ%%%§ﬁﬁ&’%ﬁ%%$%m%%’mﬁ%%
IREEEHE AL TP AN A PR S A -

<l B>
(1)‘ ﬂ?—iﬁ”ﬁ :
A AR AN RS R AUK TR SRR A A Y BRI R HGR AOKTPEEE > 125

W%W%ﬁ@ﬁ%ﬁﬁz
(2)FES i -
EMHEE TIRZaEMEDKT  fRS/KP AR T A% (LEREE TR
%a&mm&%awam@wmﬁmam¢@@ e B BEE U 25 - (i EE
SN T B o AT & R R 2R B A A AR > WA TV
9.<Eks 6>
FERLEE A /BB M A R EVA TR A S BRI A MR EA TR > EREE DL
ToRK > PRI RGBS KB SRR B8 R A > (E 1R R FE AR ST
R ey T e (2 SR P A A R R 5
10.<EE 7>
(1)FE i -
B HEMREAZFRCHT - RSB R O PSEEEE B 2R
KT T B AT BB EREHRIER » SUKREHRT FM -

12



(2)FEe i
RIS BT EAR R (eI IR A e i B P ER e P E) M EIERS I
—ii s 0 BERENTE TR o A B BRI ZR 88 /R 2 A AR R WRIER
=l ML I

11.<EHE 8>

ISR BRI AT S B BRE T EB R AKE » E A/ EIRS - S A BHEERY

1k -

Ul A7) E B R e

= R AT AT R TR bR T A

[&+—1 &k ¥ a8 € F AR A Q7700 B4

B Fi :
A 5 30 45 60 75 90

#ABK 9.32 10.67 12.21 12.26 12.36 10.78
Hih 7.00 6.98 6.80 5.21 6.29 6.68

* 10.51 1117 12.81 12.39 12.99 11.83
RO 0.00 0.00 0.00 0.00 0.00 0.00
LB 9.58 10.71 1159 10.53 1177 10.97
ERER 7.14 7.08 6.32 7.44 8.36 10.16

IE R B2 5.74 7.22 6.54 5.95 7.12 551

13



HFIHS)

14
2 = = D
10 | /"/ . %Q v
8 | 7--%.<%< Z.]2100%
o —— B
4 —e— EPIR
20 — IE R
0 % % % % % %

0 15 30 45 60 75 90 105 EARFR(S)

LRV ] A i e B AR ] b B IR TR

(BT BRAE > S AR A S AN R AR R IR L - T SR 8 e e ]
" o HPIERIE SRS 45 ~ 75 Fhid - 17 60 FPa AT MR g > FATHEH -
L R ATE R R T — K WUETE A R I LU RHERR -
2 ATHA AR AR TR » B ] [ BRSSP e Pl VAR R Rout > TTTRinBEXEE AR
(PR ITTETR > S Rout RN VAL PR B B E N fEIFRin = Rour » —(H
R AAE > HIRin < Rour [EIBEMTEE Nt SEECA IR H TE(60 MEE) - 60 o1k
RindZE M KA Rour > AT LA (i B 5 BT ANPGEIMRAG RS A -
()AL By — IR IR - MRV VRFTRE LR A FE AT HOIRF ISR, » TR MR ANER C e I
FRRES] » ARMZERE — B0 > Bl — AR Rk - A R E R ()R
FEEREIAISAIK - HENER T m B R R EA RS E ERE S -

FALEIRFEIGs)

14
12 —— 2B
8 - ,-/. -
6 )'t\ﬁ-*/./ [
4 F TE
2
0

0 15 30 45 60 75 90 105 SAIHES)

] 70 ] 25 P i B SR ] B R R IR

14



(=) b Lils A @ R R (7 T AN K

B (TR - RIS T BGREIRGE » #CHEFRREST TR -

EEEL

& EERE S B - Hohib a R bR R 1R R
SIEPID ZI - SRITE FERE AR ZIlE> IEN S 1E A « #EFEHIA - AR i S ok

(PU)FF2R L OH JEEIE A FERE JAYRA R - Horh N =i, OH JLEE i AR IE RS -
AW TS > (1SN =BT 8T AR IR > INIEN =S

T HIRETIH ARG -

VY~ 5L REZ B B A SRR v M A A N DAR T 85

H.O,+ e 2 H.0,,
1) 3) =t
(1) FIS Tk GRE
Q) REHEIS TRETHA)

HO, + e = H,O, @) wsliaig 5 Tkt

BE H,O |CoHsOH| CeHe | CeHia
(DBE|IDFKERE -7.74 -6.33 -1.92 -0.20
COREBEDFEFHERE 11.02 987 11.84 h3.21
B)BBIZREF D FIKEHE -41.81 -32.73 -14.51 -55.13
BHEEFHSHE = DH@-(D -23.05 -16.53 -0.75 -1.72

(—)LU T B M el 5 G m] Al A28 (Conductor-Like Polarizable
ContinuumModel, CPCM )a T SEIAFIFE T-HIMIRER; - INfEIRERGTE > AT =1
AER - (DB TR EREQR)RIEIEHE I T TR AREQ) AR -0 Tk &1
B E AL F R ARTRE T BIAIRE (RE = HALES keal/mol)

()AL BB AT ] AR LUK B T A Re R » IMER LA mREIE R -1
BTG REMER R > (HARRHARIEEE T Tk SRethiRe AR O
BT BEREIRIE o KBRS EHIE TR aHEE © MBI AR - BB S
KAV o

(CNEERZRM S AL - RS ERE DU T B B Res R E S n] Mg p A
FEATIR TR > FTDAGTIRAYRRE rh R IG il ORAHY RS RS - 1R Ry
f AR A R R TR A KA ERE ST -

15



il ~ A

— ~ EHTE K ~ H - BRORE - REERORIE B NEAAYE R > RES s AR
NI SRR LR » ES—HERE » AEREEALRS » B KREE T/

FRA ] AR L B B A R

= BB T AIACT VAR MBI - T e R A AT 8 LM A
PR — B A ST PRI - KN TER RS T A
W ST - TR SEER IR AR (BT - BifEkeh 5 52
RAHT AT R+ THE I a kSR TR « B T4 IR emT - BE TS
BT -

= AERETTFEE AN LA AR E R o RIS FTRE NI S H A AR S R E
AR AR E B 3B M1 R 4B BUBRSHI— i K — et & A _LihrUsi 52 -

VY ~ fERE T R R E B T o MM AR SR B iy > LR SN R R T S I RE T T
A7ER] o Hrh oy ~ M MERHZREEK ~ JFSRIBLERETRLE » G FERE T JHG
93 TR ~ W MAR g5 A 1L R & PR RE TG - AR ZR RN BEAT T TR R4 -
[ HZERE LR =K -

71~ FFRFEZK R IIHC] ~ NaCISE SRR & HE A e R 1 » DA R 776 THURCR
{HIZCuS O aqy A HABFR R E AT RATFAURTFRFrERAE - IIEEEAM R IELHE T
CuSOuaq) AT HESE CAFHIEBAFEIR » Cu™ ~ SO IR/ THFE A HE - B T8
BER RN LI S R AR R T MG A - AR AL P RS BRI - S R
FZE R R T A B -

N RKJEREE
RIS » WFFRER T LAE— S ARk F P - B T — (S e - a0
NECS) -

FEAEPYRERS A ER SR AT BB - ECHE RRRET AR X B TR K
NI S HPE R R PR AR T B A SR T - ET TR R

i

1K
2H20 + 2e™> 20H" + Hzg)

EEAKPR - g BRSO - AL TSRS SR - G2 AR —
REVR > Al N HY SRR ] DUINAGEK > A /K g S8 D TBE MR 2T = -

16



2 MEMRIR
Ag' +e > Aqgs)

BT R AMRRIR L - BT LIUSE - TEd TSRS - EhE H AR
IRE BRI R - T%%[:IEILBU“ PR E R R

By G

H20

AgNO3(qq)

%ﬁ‘ﬁdf’ﬁﬁ‘mzﬁﬁ!\iﬂﬁm 1E " PRERAREE M ) BOgER > BUMBES B Ht B
SRR

K~ BEHRR A
< KIS -

Fi
B {1

BIREE > HGER
2L {RanliNIN

» Merck & Co.Inc. °» The Merck Index : 11th

17



4

—
I

AP TR PRI R OB AU -
EERE o] e v

TP R SRR



	挑戰溶液的電中性~「帶電溶液的研究」
	作者簡介
	壹、摘要
	貳、研究動機
	參、研究目的
	肆、研究設備及器材
	伍、研究過程及方法
	陸、研究結果
	柒、討論
	捌、結論
	玖、參考資料及其他
	評語


