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The general formulas for SCF atomic orbita's 15s > and 16p > have been derived separately by expressing the spherical 

harmonics part in terms of the coordinate (rb r2) of the reference point, and by trail이ating the exponential part, r4 exp 

(-/Sr), in terms of and r2 and the modified Bessel functions. Master formulas for overlap and dipole moment matrix 

elements are derived. The computed values of overlap and dipole moment matrix elements for hyopthetical NO mole^ule 

are exactly in agreement with those for the previous methods.

to derive the expansion formulas for SCF atomic orbitals14

L Introduction

The first systematic and comprehensive study of two center 

overlap integrals was carried out, adopting Slater type atomic 

orbitals1. The evaluation of two center integrals has been 

performed using the spheroidal coordinate system2. In this 

spheroidal coordinate system, it is required to transform the 

spherical polar coordinate to the spheroidal coordinate for 

evaluation of two center integrals. Since two atoms must 

lie in one coordinate axis to evaluate two center integral in 

the spheroidal coordinate system3, namely the z axis, this 

required, in general, a different coordinate transformation 

of each matrix element. To overcome the inconvenience of 

diflferent coordinate transformations, the expansion method 

for spherical harmonics has been developed by Golding and 

Stubbs4. This method was applied to evaluate specific physical 

molecular properties such as dipole moments5-6, quadrupole 

moments7,8, polarizabilities9-10 and NMR shifts in para

magnetic systems11112. In the previous works4,13, the expansion 

formulas for Slater type orbitals, [Is〉，]2p〉，|3d>, 

|2s>, |3p>, |4d>, 13s〉，|4p>, ]5d>, |4s>, and |5p> 

have been derived to evaluate two center integrals for 

any pairs of those Slater type orbitals. However, it is required

15s〉and |6p〉to calculate the NMR chemical 아｝ift for 

SCF atomic orbitals |5d〉.

The purpose of this work is to derive the general expansion 

formulas for SCF atomic orbitals ]5s> and |6p> and to 

apply these formulas to obtain the analytical formulas for 

overlap and dipole moment matrix elements for any pairs 

of SCF atomic orbitals. We also compare the computed 

results obtained from 나le analytical formulas with those of 

Mulliken's method.

2. Derivation of the Expension Form미as for SCF Atomic 
Orbital | 5s < and | 6p>

If a SCF atomic orbital is assumed to be located at the 

point B of Figure 1, the spherical harmonic part may be 

expressed in terms of the reference point A, using the following 

identities15,

心z,(幻扫亡 xb (t)上 s(.h+i2,i)

/j=0 ^2=0 i»i=—/i mz=—l2

鬲籍瓮矗』氣g씨*”〉

屮* m Yt,m,(02,物) (1
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Where < !也皿如卩粉 w> is Clebsch-Gordan coefficient.

The exponential part may also be translated into the follow

ing form

必니exp (一£厂) =4丸 己 (rb，2)

a=0 h=~n

匕产(s,山)y以(〃2,饱) ⑵

because \栃〉=》砂 exp (一阶)】知(。，©) (3)

In equation (3), if K~l,如(广i,尸2)=儿(〃，元)％

if K=Z+L 知(h,尸2)=%(〃，厂2)%

if K=Z+2,如(九 r2) =AB(rb r2)13 and

if K=Z+3,知(门，々)=%(% "3

Where

_i
an(rlr r2) = (r<r>)'

己 (贝)瓦尊,•(有〉) ⑷

i=0 2

In this expression Iv and Kv are the modified Bessel functions 

and the coefficients,瓦，are as follows.

4 4n(n-l)_____ r 2 2)
瓦-(助+1) (2D v > ；

瓦=一(2；¥i)(r<3r>+P>3)

&=(m+纏牆瑶宀

瓦”씡制(H>+P>3)

A _ 4 (서T) S+2) 2广 2
&一 (2就+1) (2n+3)〈 거

If equation (4) is differentiated with respect to 缶 we may 

obtain the expansion formula for r4 exp(-j6r) as given by

己y森（务，四）均》（但，©2）

=4兀口爲（门，尸成2二Y森
«=0 A=~n

（四, ©1） Y航애2, 饱） （5）

Where

dn(r\, r2)= (r<r>" g 以八-和

(阶<)珞_뭇+1 (街〉) (6)

Where

Figure 1. The coordinate system for two center integral of the 

expansion method.

尸〈3,〉2+尸〈尸〉4

n — 4w (n—1) r 2r 3
A-(2n+l)(2n-l)r<r>

n —一 4” ( (3n—2~
公-一(加+1)

n ( (6&+1) , 4,丄 2(24舛3+3珈2-8D

r<2r>3+r>5)

5 I 2(24*3+4暗一 11) 3上2
S- [r< + (2«+3)(珈+ 1) (2»-l) < >

,(6»+5)4)
+宙FI产「>丿

r\ — 4(«+1) / 4r 1 (3现+5) 2r 3)
(2^irkr< 今 Fk产r> 丿

t\ — 43+1) S+2)r 3- 2
玖一 (2^+l)(^+3Tr<r>

(2n4-3) (2«+l) (2n-l)

Therefore

I 如〉=M，k exp (-/Sr)

=4兀N己 亡 <3 ZJ (-1)Z1 ^(/i+Z2, Z)

11 =0 ^2=0 «1= —Zj ffl2=—/2

{ (2]習湍招k叫"시，"〉

己』，,(〃，r2)中招2亡y*“0i,妃丫泓(靂。2) 

M=0 A=-n

Yxmi (Sb Q 匕2所2 泌2,。2)

3. Overlap Matrix Elements

Combining the SCF atomic orbital located at the point 

A with the SCF atomic orbital which is expressed in a com

mon coordinate system represented by equation (7) gives the 

general formula for overlap matrix element.

I I ll I2 <x> n I4
〈시如〉=4 兀 NMWW » MAA ZJ M 

1)=0 了2=0 ”4=-」L 而2=一，2 «=0 A= —« |»—Zil »I4=—

(一1)妇서啲~하 3(人+坛 I) (2Z+1) (2n+l)

J (払+D (必+1)⑵)丄)归七y*((% ©) 
I 4tt(2Zi) ! &2)! J 1 gm"

J o dn (rb r2) r22+；24 t/ exp(-^r2) dr2

I 11 I2 Z) / n K / ^3 n
\Wi m2 —m]\—h h m2)

lh w 姑 S h Z4* (-o')
\o 0 0A0 0 0/ s丿

Where | 如〉=exp (一 阪)丫爲印(°2,饱)

Substitution of the numerical values of 3二j symbols16 for 

the specified n, I, mf h, h and 如 and the radial integrals into 

equation (8) leads to master formulas of two center overlap 

matrix elements listed in Table 2.

The radial integrals involving the modified Bessel functions 

are evaluated in elsewhere17. We denote the radial integrals, 

depending on n and K as represented in Table 1.

4. Dipole Moment Matrix Elements
If a LCAO MO is used, the dipole moment matrix element 

for molecular orbitals is given by

SI 跖 I 蛇〉=2MCaiCvi<M n-| 知〉 (9)

Where <0」在 I 由〉is called the dipole moment matrix
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TABLE 1: Definition of the Radial Part Integrals

K 如 exp（-叱）血，一
n

0 1 2 3

2 En E°

3 Fn Fo Fi

4 Gn Go Gi G2

5 Hn Ho Hi h2 H3

6 h Zo h I2 h

7 Jn /o Ji Jz J3

TABLE 2: Master Formulas for Two Center Overlap Matrix

Elements

<ls ri 5s > = (32/14175)标/眼Eo

<2s I 5s〉= (32/42525)知的울&

<2pt I 5s 〉 = (32/14175)*0/，웅cos 涉 Fi

<2px 丨 5s〉= (32/14175)T(a//3)Tsin0 cos。

<2py I 5s〉= (32/14175)芝(a/0)为sin0 sin^ F± 

<3s I 5s〉= (8/135)(l/35)#(a/# Go 

<3pt I 5s〉= (8/45)(1/105)^(a/^cos 6 位

<3pH I 5s〉= (8/45)(1/105)2 (a/0)골sin H cos G\

<3p> I 5s〉= (8/45)(1/105)$(a/泌sin。sin^ Gi 

<3d,« I 5s〉= (4/135)(1/7),。/护(2以泌9一鈿明)Gz 

<3d„| 5s〉= (8/45)(1/21)^(a/^cos^ sinH cos© G2 

〈3d시 5s〉= (8/45)(1/21)^ (a/^7cos (9 sin (9 sin G2 

<3dxJ 5s > = (8/45)(1/21)*"护sir*。sin。co" G2 

〈3d宀川 5s〉= (2/45)(1/21)* (a//s也明(cos% — sin物 g2 

<4s I 5s > = (4/945)(2/5), (a/但우

<4pe I 5s > = (4/315) (2/15)!(a/仞우cos。H1

<4px I 5s > = (4/315)(2/15)方"6)為"cos $5

<4py I 5s〉= (4/315)(2/15)扌(a/同우sin 6 sin© 

<5s 丨 5s〉= (8/14175)("8)与o

<5Pl I 5s > = (8/14175)(3)； (a/F)구co由 “

<5px 丨 5s〉= (8/14175)(37(a/^sin(9 cos© h

<5py I 5s > = (8/14175)(3)$(a/g)꾸siM sin© h

element in terms of the atomic orbitals. The dipole moment 

matrix elements along the x, y and z axes can be obtained by 

replacing the dipole moment operator r by x, y and z.

In this paper, the dipole moment operators are expressed 

in spherical harmonics form,18 for convenience, namely

1
z=(2/3)万｛Yit泌，秘一 Y侦部,仞

1
y=(2/3)2尸｛y】T游,©)+ K1 泌，6)

z = (4/3)歹尸 Yio (5, ©) (10)

To represent the dipole moment matrix elements in analyti

cal forms, the dipole moment operators must be expressed 

in terms of the coordinate system of the reference point. If 

an arbitrary point is taken as the reference point, the dipole 

moment operator may be represented in the general form,

「3匕尸(。3，扼)=地丫顼(02,饱)+&匕。(。2, ©2) (11)

Where F=0 or ±1.

Combining the general form of the dipole moment operator 

with the expansion formulas for SCF orbitals gives the general 

formula for the imaginary form of the dipole mome머 matrix 

element.

〈由a I 厂3 Yip 泌3,而)I 如〉=r2 Y1P (但,饱)

I 由B〉+ & (魚，但)<^)如〉 (12)

Where the first part is the imaginary form of the dipole 

moment matrix element when point A in Figure 1 is taken 

as a reference point. The general formula is given by

<0시 尸2 Y1P 泌2, 但) I 如〉

I I _也 «+1l_二私二己 
/l=0 Jg—0 mi=—7】.11= jn—Zil

4 4 。。 n
丈七 £二 A

ZE=； |n—(2l 而4=_，4 加5=_，5 h=—n

粉 (Z1 + Z2, Z) (一이내繇5 (S, 3

Jo dn (厂i, r2)广/2+u+%xp (—位)dr2 (21+1) 

(2宀)例+计氣써毅徵潛씌* 

/ li h A ( n h (犯 h ，5)I h 1 硏 
m2 一敬八一^ 徂 1 mj\& m2 m5J\—m3 P 一

/w Zi l】\ (此 I2 ‘5、/?3 1 '5、 f-r 0^
(0 0 0A0 0 0八0 0 0/ 3丿

Substituting the numerical values of the 3-j symbols for 

the specified n,l,m,h,PJi and 的 and the radial integrals 

gives the imaginary form of the dipole moment matrix ele

ments. The dipole moment matrix elements may be obtained 

by transforming the imaginary form of the dipole moment 

matrix elements into the real form. The dip이e moment 

matrix elements between pairs of SCF orbitals c아itered at 

two different atoms are listed in appendix.

5. Results and Discussion

For a hypothetical NO molecule, the calculated overlap 

integrals using the analytical formulas listed in Table 2 are 

represented in Table 3 with Mulliken's results. As shown in 

Table 3, the numerical values of two center overlap integrals 

is exactly in agreement with those for Mulliken's method.

As 아iown in Table 4, the numerical values of the dipole 

moment matrix elements evaluated using the analytical 

formulas listed in Appendix are also exactly in agreement 

with those of the transformation method of the dipole 

moment matrix element into overlap matrix elements5.

TABLE 3: The Numerical Values of Two Center Overlap Integrals 
for a Hypothetical NO Molecule (a=1.950, 0=2.275 and r=1.50A)

Numerical value
Overlap integral —--------------------------------------

This method Mulliken's method

s>
s>
s>
s>
s>
s>
s>
s>
s> 

5

5

5

5

5

5

5

5

5
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s
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s
 
p
 
s
 
p
 
s
 
p
 

1

2

2

3

3

4

4

5

5

 

<

<

<

<

<

<

<

<

<

0.264763 0.264763

0.402010 0.402010

0.259706 0.259706

0.504653 0.504653

0,377752 0.377752

0.570577 0.570577

0.480267 0.480267

0.601650 0.601650

0.557729 0.557729
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TABLE 4: The Num rical Results for the Dipole Moment Matrix 
Elements and the Corresponding Transfromed Overlap Integrals 
(a=1.950, g=2.275 and r=1.50 A)

Dipole moment Numerical Transformed Numerical
matrix elements value overlap integrals value

+ (44/5)^(l/a)

<6dj|5s>

<ls 1 z 1 5s> 0.070480 (l/a)<2pJ5s> 0.070480

<2s 1 z 1 5s> 0.162092 (2/5)«l/씨 시 5$〉 0.162092

<3s 1 z 1 5s> 0.281560 (14/3)*l/a)<4【시 5s〉 0.281560

<4s| z 1 5s> 0.414514
(15/2Al/a)<5pz|5s>

0.414514

<5s丨 z I 5s> 0.543160
(ll)4(l/a)<6pz|5s>

0.543160

<2ptl Z 1 5s> 0.255091 (5/2)y(l/a)<3s|5s>

+ (2)£(l/a)〈3d』5s〉

0.255091

<3pJ Z 1 5s> 0.417419 (14/37(l/a)<4s|5 > 

+ (56/15)Wl/a)

0.417419

<4dt)|5s>

<4pJ z I 5s> 0.594937
(15/2)^(l/a)<5s|5s>

+ (6)*l/a)〈5d』5s〉

0.594937

<5p,| z 丨 5s> 0.768339 (117(l/a)<6s|5s> 0.768339

Such results indicate that we may evaluate two center integrals 

such as the overlap and the dipole moment matrix elements 

for any pairs of SCF orbital 15s〉，|6p〉without coordinate 

transformations into spheroidal coordinate. We have evalua

ted the hyperfine integrals for 4d* systems19 and calculated 

the NMR chemical shift for a 4d】system in a strong crystal 

field environment of octahedral and tetragonal symme

tries20, 21.

To calculate the NMR chemical shift and the hyperfine 

interaction tensor components for 5J1 systems, the expansion 

formula for r4 exp(-^3r) is required.

Therefore, this work may be applied to calculate the two 

center overlap and dipole moment matrix elements for second 

and third series of transition metal complexes. As mentioned 

in the previous paragraph, the expansion formula for SCF 

orbitals ] 5s〉and 16p〉can be used to calculate 나le NMR 

chemical shift and the hyperfine interaction tensor com

ponents for 5dn system.

APPENDIX: Master Formulas for Dipole Moment MatrixElements

<ls ⑵5s〉= (32/14175)蜘游(1/0) cos"\

<2s |z|5s〉= (32/42525)*0/0)울(l/f) cos^ Gi

<2ps I 회 5s〉= (4/135)(2/7)* (a/g)웅 (1/0) {Go+(2co%

—sin2^) G2}

<2px 【기5s〉= (4/45)(2/7)수(<功3)우(1/8) cos(9 sincos© G2 

<2p)|z|5s〉= (4/45)(2/7)乏(a/g)무(1/8) cos^ sin 0 sin© G2 

<3s I 히5s〉= (8/135)(1/35寸(a/£)Wl/0) cos (? H\ 

<3pz |z|5s〉= (8/135)(1/105)她功护(1/8) {R)+(2g20

—sin%)

<3px ]z]5s〉= (8/45)(1/105)芝(a/g)2(i/B)cosQ sin。cos。反2 

<3p, I회5s>= (8/45)(1/105)눌(a/F)Wl/B) cost? sim? sin。H2 

<3心 I끼5s〉= (4/675)(1/7)$。*)우(1/8) cos8

{4Hi+3(2cos?—3sin% H3)

<3dxr【꾀5s〉= (8/225)(1/21)；sii逆 cos。

(Hi+(4cos2^—sin2^) H3}

<3板 ⑵5s〉= (8/225)(1/21)叩你)*(1/0) sii浦 sin。

{由十(4cos明—sin勒

〈3d时【히5s〉= (8/45)(1/21)*0/0产(1/£) cosHsin2。

sin § cos© H3

〈3d쇠F，⑵ 5s〉느(4/45)(1/21 声(a/8)%(l/£) cos。sin2^

(cos2^—sin2^) H3

<4s I 지 5s〉= (4/945)(2/5)夺。的우(1/0) cos6 Ix

<4pz I 기 5s〉= (4/945)(2/15) 釘"很 (1/g)

{/o+(2cos2^—sin2^) Z2}

<4px 【긔5s〉= (4/315)(2/15尹0/£)玄(1/0) cos。sin6 cos© I2 

<4py |z[5s〉= (4/315)(2/15)芝(a/g)芝(1/E) cos0 sin 0 sin© I2 
<5s 【긔5s〉= (8/14175)(a/，*(l/R) cos。刀

<5pr I 기 5s〉= (8/14175)(1/3)* (a/0$(l/0)

{而+(2cos明一si*。)丿2}

V〔5pH [z[5s〉= (8/14175)(3)E(a/B)2(l/8) cos涉 sin^ cosJ2 

<5p<y |z|5s〉= (8/14175)(3)허"/B)*(l/0) cos0 sin。sin© J2 

<ls ]시5s〉= (32/14175)芝(a/B)?(l/S) sin0 cos© Fi 

<2s |z|5s>= (32/42525)*(a/月)믈(l/F) sin涉 cos。G

<2pe I시5s〉= (32/14175)2(a/」6)芝(1/0) cos 0 sin。cos G2

<2px【시5s〉= (2/135)(2/7夕(a/B)*(l/8) {G。-〔(2cos明_ 

sin%)—3sin20(cos紬一sin物〕G?}

<2py L이5s〉= (32/14175)*(a/成(1的 sin明 sin。cos© G2 

<3s |x|5s〉= (8/135)(1/35)#(a/8)'(1/g) sin。cos。L

<3pz I시5s〉= (8/45)(1/105)2(a/0)'(l/8) cos 0 sinH cos H2 

<3px I시5s>= (4/135)(1/21)히0M)4(l/0) {H〔l〔(2cos纽一 

sin2^)—3sin2^(cos2^—sin2^)]

<3pj, I시5s〉= (8/45)(1/105)2(a/j3)z(l/g) sin2^ sin© cos© H2 

<3d,a |x|5s>= (4/1575)(a/0)芝(1/8) sin0 cos

{3(4cos20 - sin 勒 H3—2H1}

<3d2X L이5s〉= (4/675)(3/7)/(a/，：(l//3) cos。(2/Zi-[(2cos^ 

—3sii】20)—5sin 明(cos 邵一sin物〕ff3)

〈3d”【시5s〉= (8/45)(l/21)*(叱护(l/£)

cos 6 sin 明 sin © cos 6 If 3

s

p-p

4
 
4
 
4

<
 
<
 
<

4
 
5
 
5
 
5
 

<
 
<
 
<
 
<

I시5s〉= (2/225)(1/21)芝0/，气1/仞 sii逆 sin© {4为+

[5sin。(3—2sin2^)—(4cos2^ 一 sin 20} 

，巾：|5s〉=(2/225)(l/21)*(a//*(l/£) sin(9 cos。

{4反i+ [5sin H(3—4sin2©)—(4cos20—sin绍)〕

|x[5s〉= (4/945)(2/5)^(a/0)气 1/R) sin。cosh

I시5s〉= (4/315)(2/15)芝(a//3)芝 (1/仞 cos。sin0 cosI2 

[시 5s〉= (2/945)(2/15)*回£) 을 (1/0)

(/o— C(cos20—sin2^)—3sin2^(cos2^ — sin2^)] /力

I 기 5s〉= (4/315)(2/14)2 (a/0)气1/8) sin% sin cos 12 
11

L이5s〉= (8/14175)。/，芝(1/8) sin。cos。

I시5s〉= (8/14175)(3)$(a/胪h/句 cos(? sin(9 cos© /2

I시 5s〉= (4/14175)(1/3声0//3夕(1/8) (Jo- ((2cos2^-sin2^) 

一 3 sin 2^(cos2^—sinV))<^2)

I시 5s〉= (8/14175)(3)，(a/F)2(l/K) sin2^ sin cos J2

I 기 5s〉= (32/14175)* (a/0)후(1/0) sin^ sin 6 Fx 

<2s |y|5s〉= (32/42525)玄(a/0)물(1/8) sin。sin© Gi

<2px |w|5s〉= (32/14175)*(砂0声(1/仞 cos6 sin^ sin。G2

<2px 〕기 5s〉= (32/14175)2 (a/£)2(l/0) sjn2^ 瘟曲 cos^ G2

<2p, W5s〉= (2/135)(2/7)+(a/£)부(1/0) 囱一〔(2cos明一 

sin2^)+3sin2^(cos2^—sin2^)] G2}

<3s 【川 5s〉= (8/135)(1/35)술 (a/R)’(l/0) sin^ sin

<3pe |j|5s>= (8/45)(1/105)$(a/£)W(l/£) cos sini? sin。H2

<3pa I 게 5s〉= (8/45)(1/105)乏 (a/g产(1/仞 sin明 sin 6 cos 6 H2
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<3py W5s〉= (4/135)(1/21) 고 (a/H) 芝 (1/8) {反。一〔(2(瘀绍一 

sin2^)+3sin2^(cos2^—sin2^))

<3d.s I기5s〉= (4/1575)(a/0W (1//3) sin。sin©

{3(4cos2^—sin2^)丑3—2H】}

<3d„ I 기 5s〉= (8/45)(1/21)*@力护(1/B)

cos^sin2^sin © cos^ H3

<3dys I 기 5s〉= (4/675)(3/7)* (a的Wl/B) co展 {2反】+

((2cos2^— 3sin2^) — 5sin2^(cos2^—sin2^)) H3}

<3djy I기5s〉= (2/225)(1/21)수(a/禮(1/8) sin。cos^

{(5sin 0(4cos2°—3)+(4cos%—

〈3d宀户丨川5s〉=(2/225)(1/21)$("护(1/8) sin。sin {〔5siM

(3 — 4sinV)+(4cos2^— sin2^))反3—4H】}
<4s 【기 5s〉= (4/945)(2/5)* (%G)울(I® sin (9 曲泌 厶

<4ps I끼 5s〉= (4/315)(2/15)골 (a/0)2(i/0)Cos^ sin 0 sin /2 

<4px 訪|5s〉= (4/315)(2/15)*(a/B)울(1/国 sin明 sin。cos。J2 

<4py 【기5s〉= (2/945)(2/15)$(a/£)우(1/0) {/。一〔(化坎叼一 

sin2^)+3sin2^(cos^—sin2^))如

<5s ]y[5s〉二(8/14175)(a/0)2(i力3) sjnq sin©

<5pz |y|5s〉= (8/1 시75)(3尹(a//沪(1/8) cos。sin〃 cos。J2 

<5px I丸5s〉= (8/14175)(3)$(Q/0)*l〃3)sin2。sin。cos。J2 

<5py I기 5s〉= (4/14175)(l/3)$(a/0)*l/8) {儿一〔(2“詩缶 

sin2^)+ 3sin2^(cos2^—sin2^)) J2}
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The Crystal and Molecular Structure of Phlorizin Dihydrate
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The crystal structure of phlorizin, a j9-D-glucopyranoside of a flavonoid dihydrochalcone phloretin, has been determined 

by single crystal diffraction methods u:ing diffractometer data obtained by the ai26 scan technique with Cu Ka radiation 

from a crystal with space group symmetry P2122 and unit cell parameters a=4.9094 (2), />=19.109 (1), c — 23.275 (4) A. 

The structure was solved by direct methods and refined by full-matrix least-squares to a final R = 0.047 for the 1697 observ

ed reflections. The dihydrochalcone moiety is Hat and fully extended. The glucose ring has the 4Ci chair conformation 

and the conformation of th? primary alcohol group is gauche-gauche. The crystal packing is dominated by an extensive 

hydrogen bond'ng pattern. There &re one strong and two weak intramolecular hydrogen bonds in the phlorizin molecule.

Introduction

Some of the flavonoid dihydrochalcones and their sac

charide derivatives display an intensely sweet taste and have 

potential use for the nonnutritive sweetners, while the cor

responding flavanones are usually bitter compounds.1-3 

Little is known about the conformational characteristics of 

the flavonoid dihydrochalcones themselves and their modes 

of linkage to the saccharides. Phlorizin, 2-^-D-glucopyrano- 

side of phloretin, is a sweet compound with bitter aftertaste.


