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(Capillary Electrophoresis, CE)


night
Highlight
质谱：真空中的电泳
电泳：带电粒子在溶液中的电泳
带电粒子在空气中的电泳：离子淌度（低端的质谱）
不同离子之间的分离依据都是质荷比
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离子在单位场强、单位时间下移动的距离
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iR EXIAIIEA:  Arne Tiselius —1902-1971
Swedish Scientist in Chemistry

.{@ The Nobel Prize in Chemistry 1948
| Arne Tiselius

T TR S W 1958 Nobel Lecture, December 13, 1948

Ame Tiselius

Electrophoresis and Adsorption Analysis
as Aids in Investigations of Large
Molecular Weight Substances and Their
Breakdown Products

“A new apparatus for electrophoretic
analysis of colloidal mixtures”
Transactions of the Faraday Society, 33
A (1937) 524. Citation: 723

Arne Wilhelm Kaurin There has always been a

Tiselius close contact between the

The Nobel Prize in Chemistry 1948 was awarded to Ame Tiselius "for his research  methodological work and the
on electrophoresis and adsorption analysis, especially for his discoveries research into spe cial

concerning the complex nature of the serum proteins”. problems where the maizds
@ :

find their application.
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色谱对于分离不同核酸和蛋白的效果并不好。
不同核酸和蛋白的差距并不大
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1288 Anal. Cham. 1981, 53, 1298-1302

average of analyte concentrations determined from all six
curves (1 and 5e-5i).

Individual element concentrations ranged from 0.22 to 1990
ppm. A single set of mixed standards was used covering a
range of 2 orders of magnitude for each el t. All el 1

except Ca, were analyzed simultaneously from a single atom-
ization in a lean air-acetvlene flame at a height just above
the burner slot. At this height in the flame, Ca vielded only
85% recovery. However, at a position 9 mm higher in the
flame, 100% recovery was obtained for Ca. Consequently, it
was necessary to run Ca separately from the other seven
elements.
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Zone Electrophoresis in Open-Tubular Glass Capillaries

James W. Jorgenson® and Krynn DeArman Lukacs

Dapartmant of Chamistry, University of North Caroling, Chapes! Hill, Novth Caroling 27574

A syslem for performing zone elecirophoresis in open-tubular
glass caplllaries of 75 um Inside diameter and with applied
voltages up to 30 kV is described. The small inside diameler
of these capillaries allows efficlent dissipailon of the heat
generated by the applicatlon of such high voltages. However,
the small inside diameter also itates the use of a
sensitive on-column fluorescence detector fo record the
separation of solute zones. With this system, separation ef-
ficlency Is proportional to the applled voltage, with efficiencies
In excess of 400 000 theoretical plates demonstrated. Strong
eleciroosmotic flow In the caplliary allows both posiilve and
negative lons of a variety of slzes to be analyzed in a single
run with relatively shorl analysls limes. High-elficiency sep-
arations of fluorescent derlvatives of aming aclds, dipeptides,
and amines as well as separatlon of a human urine sample
‘were obtalned with analysls times of 10-30 min.

Several important causes of zone broadening may be
identified when considering separation efficiency in zone
electrophoresis. Molecular diffusion will certainly cause zone
broadening, although its effects are generally negligible. More
serious difficulties often arise from convection currents in the
slectrophoretic medium. These are usually minimized through
the use of gels, paper, or other stabilizers. However, this
approach may introduce additional zone-broadening problems
such as adsorptive interactions between the solutes and sta-
bilizer and “eddy migration™ in the channels created by some
stabilizers (). Mikkers, Everaerts, and Verheggen (2) sought
to solve these convection problems through the use of the “wall

effect” by performing zone electrophoresis in narrow-bore
Teflon tubes. This approach appeared to solve the problem
of convection in a simple way, avoiding the difficulties asso-
ciated with stabilizers, They found that the concentration
of sample ions must be kept well below the concentration of
carrier electrolyte in order to achieve symmetric peak shapes.
When the sample concentration is too high, the sample alters
the conductivity of the medium in its own vicinity, resulting
in a distorted electric field gradient and an asymmetric peak
shape. If zone electrophoresis is performed in narrow-hore
tubes using low concentrations of sample relative to carrier
electrolyte, conditions arise where molecular diffusion, ori-
ginally negligible, may become the predominant cause of zone
broadening. The difficulty with this approach is in finding
any suitable detection system capable of detecting minute
quantities of solutes in small capillary tubes. In this study,
zone electrophoresis was attempted in glass capillary tubes,
Detection of solute zones was accomplished with an “on
column” fluorescence detector which detects fluorescent so-
lutes while they are still in the glass capillary tube,
THEORY

Comsider an electrophoresis system coneisting of a tube filled
with a buffering medium across which a voltage is applied.
Charged species introduced at one end of the tube migrate
under the influence of the electric field to the far end of the
tube. Tf & suitable detection device is placed at the far end
of the tube, the passage of each solute zone may be recorded,
yielding an electropherogram.

The migration velocity of a particular species is given by

v=uE=puV/L ()

0002-2700/81/0353-1208801.25/0 & 1081 Amarican Chamical Society

EMERXEIEA

Prof. James W Jorgenson
Department of Chemistry

University of North Carolina

Jorgenson and Lukacs
Anal. Chem. 1981, 53, 1298
Citation: 2008
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Highlight
毛细管电泳可以加大电压（毛细管中灌凝胶，横截面积小，长度大，电阻极大，电流小，不会产生显著的热效应影响实验结果）

night
Highlight
检测是一个问题。
（目前LIF检测器是一种比较好的检测方式，适应毛细管的体积。紫外就不行）
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Highlight
把色谱法的塔板理论直接移植过来了
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Highlight
对应到色谱的保留时间


2. BiZIR (Electroosmosis )
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水化凝胶层->形成双电层。
电渗流：由于形成的双电层结构，毛细管内液体在电场作用下迁移会带动整个外部溶液（吸附在毛细管表面的部分）顺着电场方向迁移。
（一个同心圆往前移）
（中间流速最快，管壁流速接近0）
（前端是一个近平面流形迁）

night
Highlight
电渗迁移速度公式。μ：电渗迁移率。U：加的电压。L：两电极间的距离。
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平头流得到的峰形更好
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玻璃，石英，聚四氟乙烯
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Highlight
酸碱性影响硅酸性质，进而影响双电层厚度等性质

night
Highlight
离子强度越大，双电层厚度越小，电渗流低

night
Highlight
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Highlight
每种粒子的速度都由两部分组成（除了中性分子）
一部分是电渗速度，一部分是电泳速度

night
Highlight
负离子的电泳速度是反向的。
而电渗速度都是朝前带动的

night
Highlight
中性分子只有电渗速度


HYyRITBEE: =

Ler ¢ }AE

= (mlToE
L: 32
U: 0%

(Bep + Heor )= Hov: FEVLEE, He
: ARURE, 28 FHFFE

B, RREM(ET)ES REFREMEBAE
ST

H o

S =PNmE oyl
EAERRIKE s
BEHNEKE | W

FBE

B ; i



night
Highlight
为离子的有效淌度加上电渗淌度
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Highlight
与组分的质荷比相关
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直接移植色谱的概念。
拿塔板数去衡量分离效率，而该概念和原理没关系
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电压加高->电流大->产生焦耳热->径向温度梯度->影响分离效果
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Highlight
径向温度梯度的两个影响
热量扩散形成径向温度梯度->径向上液体扩散速度不同。
（中心热两边冷还会形成对流->搅动）


£25 FTRAASEEEHESRERIROSHBOEE
AXEE (pm) i e (K) aE (K)
25 ' 2499, o 0. 53
50 301- 2 1, 39
75 304. 2 3. 14
LO0 307. 7 5. 58
125 111. 6 8.72
ZEREBERERINIMNRER:
® FBHEEARE, slEXR, XT3k
® MBHFEANE, FERRAETH, XHH K

HETHIE, FEMBEELZTWK 2-3%
Xd 5k, RS

CEfiETER/NAREHAE

NNARERENREBE ),



night
Highlight

night
Highlight

night
Highlight

night
Highlight
可以减小径向温度梯度的影响
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1. EME

MM AREME (fused-silica capillary)
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最适于用于毛细管电泳的检测
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不适于用于毛细管电泳体系的检测
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利用高度差产生的液压进样
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Highlight
直接利用电泳电压进样
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电动进样的缺陷。带正电的粒子会最先进入毛细管。（正离子多了电渗淌度）
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N EREBKDERI

1. EREXTEK (Capillary zone electrophoresis, CZE)

2. RREBMEMERIE (Micelle Electrokinetic Capillary
Chromatography, MEKC)

3. EAE LAk (Capillary Gel Electrophoresis, CGE)

4. EMEHEEIE (Capillary Electrochromatography, CEC)
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不灌凝胶

night
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为了使毛细管电泳能用于中性粒子的检测
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1. EAEXTHEK (Capillary zone electrophoresis, CZE)
— BEARpBEER, TIEEMR—ENER
— N EFRE—IRETFHENHIEKEENESSIN DS

4B 3 BRAT L = 5+

FMEE: ZHRIHE. pHE. KE; 753


night
Highlight
用的不是凝胶
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对分离的影响很明显。
pH影响组分带电量和带电性质
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分离电压越大，分子扩散效应越小，分离效果越好。但是电压大到一定程度一定会有焦耳热效应
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胶束：表面活性剂达到临界胶束浓度时形成胶团。
胶团：内表面是亲水基团，外表面为带电基团
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能够分离中性组分
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Highlight
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胶束带负电->在流动过程中落在后面。
中性分子有疏水性，能够部分溶解在胶束中->胶束带着中性分子实现分离（根据中性分子在胶束中溶解度的不同实现中性分子的分离）
携带中性分子的胶束出峰时间都在“纯胶束”之前
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3. EAE LK (Capillary Gel Electrophoresis, CGE)
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Kambara
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4. EMEREIE (Capillary Electrochromatography, CEC)
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