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Abstract 

FluOT制cence lifetime τand absorption spectra of Rhodamine 6G (R6G) at differeot concentra
tiona have been meagured 阳 a variety of solven饵， 3Uch as metha.nol, ethanol n-propyl-, n-butyl and 
t-amyl alcohols , a悍tonitrile and warer em. Tbe variation of 't' for R8G 且也臼8 四lutio皿 (e.x:cept

BzO) at 10-4 md. iB related linearily to the ability of solvent to form hydrogen-booding. Thi.s 

直nding in ∞mbination with the a恼。rption measurement 1eads 田 to a sugg回仁ioo that the influence 
()f solute-solvent interaction via hydrogen-bonding on aggregation between R6G 皿01田ulea is 

responsible for observed 四lvent eft'田t on fl.uor回伺nce lifetime. 

Introduction 

The xanthene dyes, in parlioular Rhodamine 6G(R6G) .7 have been widely used in 

801 u tion as an e面。ient ac也ive medium in organio dye lasersUJ . HoweYer) mos古 of discus

sions on the dynamic behaviour of excited single古 state of 也ese molecules have up 古o

now in volved only the experimentally observed absorp也ion，emission spωtra and quan

如皿 yield of fluorescence rather than the rates of dooay pr∞esses. It坦 known 血的也e

fluore四ence dooay for R6G has a m a.rked dependence on con佣ntration and 也emperature

in alcoholic and aqueous solutions[j,...;:iJ. Bu古古here 国 li协1e information concerning the 

solvent effect on 古he fluorescence decayw, ïJ. , _ 
In 也his work we prese卫也 ßuoresoonoe life也ime data for R6G in a varie古y polar 

solvents: methanolJ ethanol) propy land butyl-alcoho1} gly∞rol} 剧的任nitrile and 

wa如r; these data are oombined with absorp也ion measuremer四s to ascer切in 也e nature 

of solvent effect on fluores伺nce d民my for Rhoda皿ines. The resul恼。btained indioate 

th时也e ínfluence of hydrogen-bonding between Rhodamine dyes and solvent on 也@

aggregation of dyes seems to be a likely fa的or responsi ble for 古he solvent effeot 

obseryed. 

Experi皿ent

In Qur experiment the oommeroial laser dye R6G was used withou古 fu时her purifio品

也ion. Solutions 飞;\Tere prepared using reagents of spootrosoopìo grade and 也e doubly

distilled wa ter was used as a sol ven也 for aqueous solu古ion.

The absorption spootra of varíous R6G solutions were reoorded using a Specord UV 
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VIS 在ype SpE到trophoto血的er. The ßuor回oonoe 1迁的i皿es for R刷J were de阳rmined for the 

dωay of 但uor础)6noo in协，nsity moni阳Ired on Sp-7x nan倒四XÞnd fluoresoonoo speotrome

也r (A pplied Pho切，physi回 L乱 BK.) in which the nondegassed dye solntion，∞nta.ined 

in a 10m sqnare quartz onvet旬" wa.s exoìted wi古h a nsec (337 nm) light pulse of low 

in抽回抽y (,....10+1 photon/rad.) from a repe出ive disoharge lamp~ filled. wi也h nitrogen. 

The finoresoenoo 国gnals were det例如d by 也he 祖m守ωrrelated single pho也on ∞nnting

technîqne. The dωay cnrves of fluoresωnce were analy囚d by a. nonlinear, 1e皿古 square

fitting pro伺dure on a PDPllj05 co皿puter. Flnorescenoo life也im回 τwere extraoted 

from 也he勘 data wi也 dooonvolution analys.坦 in whioh the shift in response time of 

equipment h础 been 也aken into acoount} and the results were chooked by weigh协d error 

distribution. The acouracy in ßuorescence lífeti皿0 皿e昭urement in present work W a.iJ 

estímated to be wi古hin 士0.15 nsoo[l旧.

Resulta 

1. Flnore配enωlife古i皿e

~ehe dooay of fluoresoen佣 of R6G in a11 solvents used was fonnd 古o be an exac古

exponential and may be ohar时也erizoo by the fiuorescenoe 1迁的imeτJ the time at which 

the intensiiy of fluoresoonoo h回 d四reased by a. faotor of 1/6. The 皿阻suroo. τfor R6G 

attbx铺。oncentrationB in varions 田lven臼 are sum皿arizød in Table 1. Th倒把 data ara 

in qualit础，ive agr咽ment with the values reported in li臼ratureCJ- 121 , and 也he slight 

discrepancy between 古he皿 oan be attributed 阳 the difference in 皿easure皿en't

toohniquesJ pnri古y of sampl饵 E勘d and/or 恼。 exci饵，也ion ∞nditions.

Table 1 Absorption ma.xí皿a and fl.uores西n臼 lifeti皿.es for Rhadamine 
6G 甜 a fu且ctiou of solvents 

AbI!副Drption
Fluor酬ence Lifetime 

τ(n 酬.)

Solvents (叫‘ maxi皿U皿4

(cm-1) lxl0- fi mol 1 x10-4 皿01

Metll缸。1 (0.99) 18581 4.17 6.81 
Ethanol (0.85) 18519 是 .7岳 6.ω 

n-Propyl a1∞hol (0.77) 18450 4.58 6.21 
n-Butyl 副βohol (0.71) b 18岳。 4‘ 52 5.75 
t-Amyl a1∞，hol (0.44)0 18315 4.22 5.01 
。1y四rol (0.79) 18382 ..11 6.13 
A但阳，nitr边e (0.29) 一 • 3.66 
Wa:臼r (1.02) 18587 4.59 4.90 

a.. so1v阻t paramter in par回由自sis.

b. paramete:r for t-butyl al∞Ihol. 

c. parame饱r for ethy lene gly∞1. 

d. absorption ma到mum in 1 X 10-1, 1 X 10-' and 1 X 10-6 mol 田lutio皿.

lxl0-a皿01

11.03 
10.65 
11.72 
ll.91 
一

-
-
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The data given in Table 1 show 出的 the τis no也 influenood notioeably by 七he

nature of solvents in diluted (~10-5 mol) a.nd oonoontrated (~10-a mol) 901n古ioruJ， but 

in inter皿edia协∞nωntra世ons (""，， 10-垂皿01) i古国 changed wi也 changing of 曲，lvent8.

The dependence of τon 古he properties of solven"ts.. snch 回 polari妙.. viBc佣ity， dielectric 

constan古 e恼.7 was 1回s regular. Bowever we found 也hat 也he varia古ion of τfor R6G in 

曲回e solu挝OnB (but 丑的 in water) was successfully correlated wíth 也he KamleιTaf也

parame臼rU8JαJ an empirical1y deríved cons陋的 reßecting the a bili古y of solvent 皿olecule

1.0 donate a hydrogen~bond. Leas古 square analysis of 也is correla古ion provided the 

foIlowing expression rel时ing 拙。 ftuorescence life挝me τand 血。 hydrogen-bonding

parame古erαof solven坦 (correla主ion coe值cie时， tf", is included) : 

τ=2.834十4.082α(伊 =0.964).

2. A bsorption spectra 

Ob配rved ab田rption spec古ra of R6G in a seri回 of alcohols and in aqnωIns solution 

are shown ìn Fig. 1. Absorp也ion spωtra of R6G in al1 001 u也ions used are a superposition 

1.0, of two ∞mponen臼:也he absorption band wi也皿axi

mum at 530 ",550nm, and secondary band, which 

0.8午 :-!f1'H 臼 de也C幅ble only a.s a small shoulder on"'-' 500 nm. 

According 也o the litera阳resU4，1.;;] these band9 may be 

0.6 护 1m r~\\ a9signed to the "monomeric" and aggregated R6G 

molecule9, respec古ively. Absorp也io卫 maxi皿a of "mono-

0.4• ::11 飞币\ meric" R6G in solution shif归句 blue wi也h the inorease 

of 古he hydrogen-bonding abili也y of solven旭 and 古he

magnitnde of 出e shif也 in a gi ven solution remains 

practical1y nnchanged a.s也he concen tra也ion changed 

from 10-:1 mol 也o 10-3 mol. The 1∞a古ion of也esecondary

a bsorption band 坦 iden也ical in varioU3 solutìons but 

也坦 small shoulder becomes somew ha t be抽er detined, 

par也icnlarly in aquω田由lutionJ wi也h the incre也ge of 

the hydrogcn-bonding abili也y of solven恒p 古he total 

concentration of R6G being kep古 the same. 

0.2 

440 480 52<1 股如 600 
(11m) 

Fig. 1 Absorption Spectra of Rho
damine 6G Ïn Various Solvents 

(…. Methanol; ----Ethanol; 
。 00 cn-Propyl and n-Butyl alcohol; 

一-Gly回rol; -._.Wa切r)

Discllssion 

The linear variation of τversus αsuggests 血的也he solvent eiÏec古 on fluore9cence 

lifetime for R6G is closely rela也ed in some way 切也e hydrogen-bonding 1::时wee且也o

dye and solvent molecul饵， ra也her 也ha.n the 古otal influence of solvent properties, as 

proposed by Alobaidi et. alL7J
• 

It is generally believed 白的 changes in fluorescence life也ime could in principle be 

也he Iesul t of varia也ion in either radia也，ive or non -radia ti ve d回ay para皿e抽回.In 血。 case
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。f xanthene dyes. Martin口6) has shown that 古he eff，回也 of hydrogen -bonding between 也he

dye and solvent molecnles is m岛国ly on the S l:,• 8 0 internal conversion ra也e which 

increasωexponentia且y upon decreases in 古he energy gap b的ween the ini也ial and final 

sta te of transi也io丑s. ThusJ the enhancement of non-radiative deactiva古iion of exci阳d

sta也e via in阳rnalωnversion 皿ight be accompanied by 也he shif也 of ab田，rptio丑 band of 

monomeric R6G 阳 longer wavelengths. The well-known red shift of absorption 

maximn皿 in conseqnenoo 0/ the d回rease of energy gap? on decrease in hydrogen

bonding abili古y ofωlven古 was reproduced in our e:x:pe且皿ent (Fig. 1). But 北he variation 

of energy gap does not 阳ms to be an import.ant factor responsible for observed rela

tionshi p between the τandαJ as shown in Fìg. 2. The fluorescence life古imes for R6G in 

methanol and water are dìfferent at 10-4 mol, but the spectral shifts in both solu也ions

are the same. On 由e other hand, in dilu臼 (10-1>皿01) solutions.. ßuorescence lifoti皿e:3

τin 叫1 alcohols are almost ideniical despi也e the fac古古hat the spectral shifts differ 

depending on 也eαof 801vent used. Therefore we are led ωdisagr随 with the statβ皿ent

that the observed variation 0/ ßnorescence life古ime for R6G in different soluiions 臼

re扭曲d 臼 ihe change in relaxatio丑 rate by intramolωular prωe皿es.

On the other handJ 旬.king into account the fac古 discoveroo. in the prlωen t absorption 

measurements 也hat accompanying the d回rease in hydrogen-bonding abili可 of solvent 

in alcoholic 801 u挝on 坦 an increa.se in absorbance of aggregated R6G t.ogether with 血。

consíderation 也at aggregated R6G M n 机=2， 3, 4,…) w制 found 旬 be effeciive in 

deac1iva'挝on of fiuore配ent R6G, M飞 by 古he bimolecnlar pr，α坦皿[4 ， ::1, 14,17] 

M fI +Mn • M +Mn"(n=2, 3, 4,…) , 

we might infer that 也he observed solvent effec古 on ftuores臼nce life也ime for R6G 国

probably governed by 在he inßuence of solu也-solvent interaction via hydrogen-bonding 

on R6G aggregation. Thus, since hydrogen-bonding beiwoon R6G and sol vent moleculω 

would, for exa皿ple， crea抽 a 的eric hinderance for aggreg叫ingwi古h ano古her R6G J such 

as in alcoholic solutiollSJ where 也he alkyl substituent of 也e 阳lvent molecule hydrogen

bonded in complex R6G-回，lvent would obstruc古 the approaching of another R6G (or 

R6G-solvent complex) 旬拙J the higher 也e hydrogen-bond form.ing ahili可 αof 田lvent

molecule is，也he s皿a.l1er 国古he ∞ncentration of aggrega也d R6G. As a co皿equen饵，国

10丑ger 也he :fluore配ence lifetime i且也扭曲lution. This inference índeed 臼 consistent with 

the piciure ob舶rved by 
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ofR6G臼 governed by dífferen古 α's of 801 ven ts. 。由erwi剧，古he change in fiuor回cencø

life挝皿e ac∞mpanioo by 古he changi卫g of 古he hydrogen-bonding abilityαof 90lveni 

won1d dimin坦h7 or even become undet时也ble. That is 古he rea.E如n why fluore配ence

life也i皿e for R6G in 801 ven ts wi也h ditferentαva1ues appr，ωohωalmos古 the same va1ne 

when 古he solution 姐也1u臼d 也 snchωncentration (e. g ",, 10-5 mol) at which the 

aggregatOO R6G, practi侃11y， beω皿倒 negligible (Tab1e 1). The absence of noticable 

dependence of fluorE隅。nce lifeti皿es on parame也rαof solven也 in concentra柏d R6G 

四lu挝ons (e. g.-.10-S mol) where the difference in concentration of aggrega也ed R6G 

governed by the difference in hydrogen-bond dona也ing abili可 of solvenis beco皿四 less

i皿por恤nt as com pared wi协也he 切，tal co丑centration of aggrega国d R6G in s01时ions， may 

be ∞nsidered as an additional e:xperi皿ental evidence for 血。 inference meniioned aboYe~ 

All of 也倒e iaken toge古her lea也因 to 古he concl nsion 也时也。由lvent effec古 on the 

ob田rved d∞ay time of fluoresceni R6G in proton donatingω1vents~ e. g. water, 
a1cohol8，的。 may be attribnted to 仙。 infiue卫ce of so1ute-so1vent interaction via. 

hydrogen-bonding on 也e formation of aggrega也ed Rhodamine 6G which appea回归 be

an i皿portant quencher r部ponsib1e for accelera古ion of fluor四cence decay by excitation 

也，ransfer mechanis皿. Th扭曲lvent effe时7 however7 seems to be dependent on 也e total 

ooncentration of Rhodamine 6G. 
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溶剂对若丹明 6G 荧光寿命的影响

郭础张兴康蕃
〈中国科学院化学研究所〉

提要
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采用时间相关单光子计数技术测量了若丹明 6G 在不同溶剂中的荧光寿命。实验结果

表明z 在若丹明 6G 浓度为 10-. 克分子/立升条件下，它的荧光寿命和搭质分子生成氢键的

能力呈线性函数关系。据此，并参照溶剂对若丹明6G吸收光谱影响的实验结果，可以认

为，需剂对若丹明6G荧光寿命的影响主要是通过在榕质和榕剂分子间生成氢键，从而影响

了若丹明6G分子发生缔合的容易程度所致。

收稿日期 1981 年 12 月 1 日

·参加部分实验工作的还有马纫兰同志

l....a...Q___ø__ Cl ...O~ a...O~。‘……·胁。-胁。_____._n_._._.___n_'_.__….0...0....口~(t....o.."….O...~， ...O..O...。‘…e

光学薄膜专题讨论会在黄山召开

在上海光学仪器研究所的积极努方支持下，中国光学学会光学薄膜专业委员会专题讨论会于 1982

茸 8 月 31 日至 9 月 6 日在黄山召开。

出席这次会议的有来自全国各高等院校、科研单位、工广企业的 76 名代表。会议特邀复旦大学物理系

王迅副教授作题为"表面物理、表面分析技术及其与光学薄膜的关系"的报告;贾玉润副教授作题为"薄膜光

学性质的测量"的报告;清华大学韩丽英副教授作题为u激光干涉法测量薄膜的光学参数"的报告。他们的

报告，受到了与会代表的热烈欢迎。

这次会议采用专题讨论的方式进行。重点讨论光学薄膜的监控和测量方面的工作，包括:宽光谱扫描

监控;右英晶体振荡监控和其它监控方法;椭圆偏据测试"、 k.... à; 散射、眼收与低反射测试和常规测量等六

个专题.代表们就科研工作中所取得的成果、发现的问题、解决的方法以及与专题有关的见闰，进行了广泛

的交流、讨论。会议开得生动活泼，富有成效。

会议建议: (1) 集申全国椭圆偏振仪进行统测，并在上海、北京设立高精度薄膜参量测试点。 (2) 加强

石英晶体振荡膜厚监控仪的研制工作，提高质量并加以推广应用。

会议还就专业委员会明年的活动计划进行了初步研究，并增选了专业委员会秘书.

(赵竟满)




