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Abstract

Diethyl ferrocene is an important additive used in producing missile fuel. It plays role as a combustive catalyst in
fuel component, it can enhance combustive rate of fuel from 2 to 3 times when its content is used from 1.5 to 2.5 wt%.
In this paper, we report some results in synthesizing diethyl ferrocene. Its structure was confirmed by IR, 'H-, *C-NMR

and MS spectra. Its specifications were also investigated.
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1. MO BPAU

Dietylferrocen (DEF) 1a phu gia quan trong su
dung trong nhién li€u tén Itra, c6 vai tro lam xuc tac
chay cho nhién liéu (Iam ting tbc do chay ciia nhién
liéu hon hop tir 2 dén 3 1an khi pha vao trong thanh
phan cia nhién lidu tir 1,5 % dén 2,5 % khdi lugng).
Dietyl ferrocen va dan xuat con dugc sir dung lam
phu gia nhién liéu (xang va dau diesel) c6 tac dung
1am ting chi s6 octan va chong kich no, st dung thay
thé cho trietyl chi dé san xuit xang khéng chi. St
dung cac hop chét ferrocen lam phu gia cho dau
diesel giup giam khi thai, tiét kiém nhién liéu, giam
dong can voi phun do d6 giup cai thién diéu kién
lam viéc cua dong co.

Hién nay, trén thé gidi s6 lwong cong trinh cong
bd vé quy trinh téng hop dietyl ferrocen 1a khong
nhidu. Trong d6 dang ké nhit 1a sang ché cua tac gia
Sergei Kolesnikov [11]. Trong cong trinh nay tac gia
Sergei Kolesnikov va cong su di tong hop truc tiép
dietyl ferrocen tor monocyclopentadien véi kali
hydroxit va etyl bromua, sau d6 cho phan ung vdi
mudi sit (IT) clorua tetrahydrat. Tuy nhién, quy trinh
c6 quy md nho 10 g san pham/mé va trong cong
trinh nay tac gia khong mé ta chi tiét cac budc tién
hanh, khong thong bao do tinh khiét ciia san pham
dietyl ferrocen thu dugc. Dé chu dong vé nguyén
liéu dietyl ferrocen trong nghién ctru san xuét nhién
liéu tén lira, chung t6i ddt van dé xay dung quy trinh
tong hop dietyl ferrocen dat chat lwong 6n dinh ding
lam xtic tac chay trong san xuit nhién liéu tén lira.

2. THUC NGHIEM

Ph6 IR do trén may Bruker ALPHA-T, Ph

NMR ghi trén may Bruker AC-500, Pho MS do trén
may LC-MSD-Trap-SL. Sac do HPLC dugc do trén
may Agilent 1200.

2.1. Nhiét phan dicyclopentadien tao
monocyclopentadien

Pong 100 ml dicyclopentadien vao binh ciu 2 ¢
dung tich 250 ml, lép bd dung cu ct phan doan,
trong d6 san han ngung va binh hiing dugc lam lanh
bang nudce da. Tién hanh nhiét phan ¢ nhiét do 160-
170 °C, thu san phérn 0 phan doan c6 nhiét dg soi
42-43 °C duoc 80 g monocyclopentadien. Hiéu suat
90,5 %.

2.2. Quy trinh tdng hop etyl cyclopentadien

Cho 20 gam natri kim loai da dugc nghién min
trong 50 ml toluen vao binh cau 1 lit 3 ¢6, thém 400
ml THF vao, binh phan tGng dugc lam lanh bén
ngoai bang nuéc da. Lip phéu nho giot, phan tng
duogc khudy bang may khuay tir va trong moi truong
tro argon. Nho giot tir tir 80 ml cyclopentadien vao
hdn hop véi tée do sao cho nhiét dd phan tmg khong
quéa 10 °C. Két thiic qua trinh nho giot tiép tuc khiy
trong 2 gid nita. San pham 1 dung dich mudi natri
cyclopentadienyl mau hong, trong sudt.

Tiép theo nho tir tir 90 ml etyl bromua vao hdn
hop trén, phan tmg dugc duy tri ¢ nhiét d6 20 = 5
°C. Két thiic qua trinh nho giot tiép tuc khudy va duy
tri phan ung & nhiét d6 trén thém 3 gio nita. Loc,
loai bo chat rin thu duoc dung dich trong sudt. Dung
dich nay la etylcyclopentadien trong THF dugc su
dung cho phan tng tiép theo.
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2.3. Tong hop dietyl ferrocen

Cho 70 gam KOH va 800 ml DMSO vao binh
cau 2 cb dung tich 2 lit, lip may khudy, phéu nho
giot, duong khi tro argon va lam lanh bén ngoai binh
phan Ung biang nudc da. Nho tir tir dung dich
etylcyclopentadien trong THF & trén vao hon hop.
mau cua hdn hop chuyén tir mau hong nhat sang
mau hong tim, két thuc qua trinh nho giot tiép tuc
khuay thém 2 gio. Sau d6 nhé giot tir tir dung dich
gdm 78,0 g FeCl, khan trong 300 ml THF vao hdn
hop, phan ng toa nhiét nhe, dung dich chuyén tir
mau hong tim sang mau vang cam. Sau khi nho giot
xong tiép tuc khudy thém 1 gio. Tiép d6 trung hoa
hén hop bang dung dich HCI 5% dén pH = 3, chiét 3
1an mdi 1an 100 ml ete dau hoa, gop dich chiét, rira 3
lan mdi 1an 200 ml nude. Lam kho bang Na,SO, sau
d6 cat loai dung méi va cit san pham o 15-17
mmHg nhiét d6 125-130 °C thu duoc san phim
dietylferrocen, khdi lwong 73,2 g. Hiéu suat 49,9 %.

Phé MS (m/z): M= 242,0.

Phé 'H-NMR (500 MHz, DMSO), &y (ppm):
1,12 (6H, t, J = 7,5, Hy); 2,30(4H, q, J =7,5, Hp);
3,99 (8H, m, H2’3’4’5).

Phé “C-NMR (125 MHz, DMSO), §. (ppm):
14,68 (s, 2C, Cy); 21,54 (s, 2C, Cy); 67,24 (s, 4C,
C,5); 67,61 (s, 4C, C34); 90,3 (s, 2C, Cy).

3. KET QUA VA THAO LUAN

San pham dietyl ferrocen chu yéu duoc st dung
cho muc dich quan sy nén c6 rat it cong trinh cong
bd vé quy trinh téng hop hop chit nay. Chi c6 mot
bang sang ché cua Lién bang Nga s6 2096413 dé cap
dén qui trinh tong hop dietylferrocen. Trong cong
trinh nay tac gid Sergei Kolesnikov va cong sy da
téng hop truc tiép (phan ing one-pot) dietylferrocen
tr monocyclopentadien véi kali hoac natri hydroxit

=S

160 - 170°C
_—

1. Na, Toluen
2. CszBr
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va etyl bromua, sau d6 cho phan ing véi mudi sat
(IT) clorua tetrahydrat trong moi truong nudc. Phan
ung dugc thyc hién trong khi tro argon. Sau khi
phan tmg két thuc, ding dung méi n-pentan dé chiét
ldy san pham dietylferrocen. Dich chiét chua
dietylferrocen dugc cho qua cdt chira nhom oxit
(alumina), c4t cach thiy loai dung méi s& thu dugc
dietylferrocen. Hiéu suat khoang 54 %.

Chung t6i ciing da tién hanh tong hop dietyl
ferrocen theo sang ché nay va thu duge “san pham
cudi ciing” voi hiéu suat khoang 50-60 %, tuy nhién
ham luwong dietyl ferrocen trong “san pham cudi
cung” chi khoang 50 % (phan tich d6 tinh khiét bang
sdc ky 1ong khdi phd). Trong thanh phan “san pham
cudi cung” ludn c6 mit cac dan xuat ferrocen khac
va cic san phdm polime hod cua cyclopentadien,
etylcyclopentadien.

Két hop céc tai liéu tham khdo va dua vao kinh
nghiém ching t6i dé xuit quy trinh tdng hop dietyl
ferrocen gdm 3 giai doan theo so dd phan tmg trinh
bay trén hinh 1.

3.1. Qua trinh nhiét phan dicyclopentadien

Monocyclopentadien c¢6 thé thu duoc bang cach
thyc hién dong thoi phan ung cracking nhiét
dicyclopentadien thanh monome va cét thu san phdm
ndy. Vi san pham nay d& bi dime (& nhiét d6 phong 8
% cyclopentadien bi dime hoa trong 4 gio va 50 % bi
dime hoa trong 24 gid), nén trong qua trinh nhiét
phan binh himg phai dugc 1am lanh bén ngoai bang
d4 mudi. San phan phai duoc str dung ngay hoic bao
quan & nhiét d6 thdp hon -20 °C. Ngoai ra chung toi
con sir dung mot phuong phap nita nham han ché sy
dime hoa la pha lodng mono cyclopentadien trong
THEF va dong thoi bao quan ¢ nhiét d6 thip, sau do sir
dung tryc tiép dung dich nay cho phan tmg tiép theo.

1. KOH @/r\
Q 2. FeCl, o 7
_ s

oy

Hinh 1: So d6 tong hop dietyl ferocen

3.2. Qua trinh tdng hop etyl cyclopentadien

Thuc chit caa quy trinh nay 1a thuc hién lién tiép
2 phan g, trudc hét cho monocyclopentadien phan
tmg v6i natri tao thanh mudi natri
monocyclopentadienua, sau do cho etylbromua phan
tmg véi mudi ndy s& thu duoc etylcyclopentadien.
Etylcyclopentadien ciing dé bi dime va polime hoa
giong cyclopentadien do do trong sudt qua trinh
phan tng can lam lanh va san pham sau phan tng

phai dugc dung ngay. Chiing t6i cling da nghién cuu
tim diéu kién thich hop cho phan @mg nay. Phan tng
cho hiéu sudt va do chuyén hoa tot nhat (kiém tra
bing GC-MS) khi thuc hién véi ty 1& mol
cyclopentadien/Na/etyl bromua la 1/0,9/1,2. Thoi
gian thuc hién phan tng diéu ché mudi natri
cyclopendienyl khoang 2,5 gio va ¢ nhiét d6 duoi 10
°C. Thoi gian thyc hién phan tng chuyén hoa mubi
thanh etyl cyclopentadien 1a khoang 3,5 gio, ¢ nhiét
do6 2045 °C.
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3.3. Qua trinh tdng hop dietyl ferrocen

Phan tmg tong hop dietyl ferrocen dugc thyc hién
trong dung mdéi DMSO, tdc nhan KOH va sir dung
FeCl, khan, phan trng thuyc hién trong moi truong
khi tro argon.Viéc thuc hién phan ung trong moi
truong khan dong vai tro rat quan trong. chiing toi da
nghién ctru anh huéng cia lugng nudc trong dung
dich FeCl, dén hiéu suét cia phan Gmg ciing nhu do
tinh khiét ctia san pham, két qua duogc trinh bay
trong bang 1.

Bdng I: Anh huong cia nudc dén
hi€u suat phan ing

STT Téc nhan Hiéu suét, %
1 FeCl,/200 ml nudc 12,0
2 FeCl,/100 ml nudce 20,5
3 FeCl,/THF khan 50,0

Tir két qua trén chang t6i nhan thdy ring s
dung FeCl,/THF khan cho hi¢u suét cao hon han so
véi st dung trong moi truong nudc.

Trén phd khoi lwong xuat hién pic ion phan tir
242 trung voi khéi lugng phan tir cua dietylferrocen.
Céc dir liéu phd 'H va “C-NMR ciing phu hop tai
lidu [9] vé dietylferrocen, c6 mot khac biét nho la
trén phd 1H-NMR 4 nguyén tir hydro gom 2 cip
tuong duong (H,, Hs) va (Hs, Hy) khong tach thanh
hai pic triplet nhu [9] ma xuét hién nhu mot pic
multiplet c6 thé 13 dung méi do phd khac nhau, tai
liéu [9] do trong C¢Ds. Cac dit phd nay chimg minh
chat téng hop dugc 1a dietylferrocen.

San pham sau khi dwoc xac dinh do tinh khiét
bang phuong phap sic ky long hiéu ning cao
(HPLC) v6i dung méi metanol, detector UV 210 nm

Nghién ciru quy trinh tong hop dietylferrocen.
sdc ky do thu duoc (hinh 3).
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Hinh 2: Phé MS cuia dietylferrocen
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Hinh 3: Sic d cua dietylferrocen trén may HPLC

Sic ky dd nhan thay san phdm co do tinh khiét
cao (98,5 %). Chung tdi ciing tién hanh kiém tra mot
s6 chi tiéu cua san pham theo tiéu chuin TY 6-02-
593-86. Két qua thé hién trén bang 2.

Bdng 2: Cac chi tiéu ctia san phdm theo TY 6-02-593-86

STT Chi tiéu Mic chét luwong can dat Thuc té dat duoc

1 Dang ngoai Chdt léng nhét mau ndu dé | Chdt Iéng nhét mau ndu do
2 Chiét suat ¢ 20 °C 1,5785+1,5810 1,5785

3 Tap chét co hoc, % <0,05 Pat

4 Ham luong sit, % 22+24 23,04

5 Ferrocen va cac dan xuét alkyl, % <5 1,0

6 Ham am, % <0,05 Pat

7 Diém chdp chay coc ho, °C 125-140 136
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Tu ké’t’qué thu duogc nhan th?iy san pham dat cac
chi tiéu chat lugng theo ti€u chuan TY 6-02-593-86.

4. KET LUAN

D3 khao sat xdy dung dugc quy trinh téng hop
dietylferrocen voi hidu suat 40 %, san pham c6 do
tinh khiét cao (98,5 % ghi nhan bang HPLC). Cau
trac cua dietylferrocen di dugc khing dinh bang cac
phuong phap phd IR, 'H-NMR, “C-NMR, va MS.

San pham ciing dugc kiém tra va dat cac chi tiéu
chat luong theo tiéu chuan TY 6-02-593-86 tuong
duong vai san pham nhap ngoai.
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